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Abstract. Conducting hemodialysis / haemodiafiltration requires the presence
of specially prepared water, which is the main component of the dialysing solution.
The source of dialysis water is drinking (tap) water which is submitted to purification
cascade that involves, among others, pressure driven membranes processes such as
reverse osmosis (RO). Proper water treatment is not only a guarantee of the safety of
the hemodialysis procedure, but also significantly affects the quality and life expectancy
of patients.

Therefore, the chemical and microbiological quality of the water used for dialysis is
essential if an additional health risk to haemodialysis patients is to be avoided.

Key words: dialysis water, hemodialysis, chemical quality, microbiological quality,
contaminants, reverse 0Smosis.

Conflict of interest statement: all the authors declared no competing interests.
© L. Snisar, L. Liksunova, 2018.

Correspondence should be addressed to Lyudmila Snisar: snisarlyudmyla@gmail.com

18 July 2018
Accepted 25 July 2018

(2D ev-sn |

YKPOTHCBKMIM XYPHOA HEPPOAOTT Ta AlaAizy N3 (59) 2018 MpoGAeMM OPraHI3aLLi TO EKOHOMIKK 3

HEDPOAOTIYHOI AOMOMOTIM


mailto:snisarlyudmyla%40gmail.com?subject=
https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
http://inephrology.kiev.ua/
https://ukrjnd.com.ua/
doi: 10.31450/ukrjnd.3(59).2018.01
http://inephrology.kiev.ua/
http://inephrology.kiev.ua/

Problems of organization and economics Ukrainian Journal of Nephrology and Dialysis, 3 (69)’2018
of nephrological care

© Cnicap JI.M., Jlikcynosa J1.O., 2018
VIK:

JI.M. CHicap, JI.O. JlikcynoBa

IIpoTOoKO0J KOHTPO.II0 XiMIYHOT Ta OaKTepioIoriyHoi 0Oe3neku Boau
17151 reMoiaizy,/reMoaiadiibrpanii

HepxaBHa yctaHoBa «IHctutyT Hedponorii HAMH Ykpainn», m. KuiB

Pestome: [Iposedenns eemodianizy / eemodiaginempauii umazae Hasi8HOCMI cneyiarbho nioeomoeneHoi 600,
KA € OCHOBHUM KOMNOHEHMOM 0ianizyouoeo po3uuny. xucepesom 6oou 0as diarizy € numua éoda, wo nooacmocs 00
Kackady ouuuweHHs, ma eka4ac 6 cebe, 30kpema, npouecu 360pomnozo ocmocy (30). Hanexcne ouuujenHs 6odu € He
Auule 3anopyKor beaneuHocmi npouedypu eemodianizy, ase il Cymmego 6NAUBAE HA AKICMb MA MPUEANICMb HCUMMS
nauienmis.

Konmponv ximiunoi ma mikpobionoeiunoi skicme 600u, Wo 6UKOPUCMOBYEMbCA 045 0ianizy 0036045€ YHUKHYMU
000amK06020 pusuKy 041 nayicHmis, AKi Aikyemocs eemodianizom / eemodiaginompayicro.

Kio040Bi cioBa: 6oda das dianizy, eemodianiz, ximiuna skicms, Mikpobionoeiuna aKicms, 3a0pyOHIONOUI peHOUHIL,
360POMHULL OCMOC.

A.1 TIACIIOPTHA YACTHUHA A.1.3 Po3poOHuKu:

A.1.1 TIporokon Moxe OyTH BUKOPUCTAHUI JIKYBaib-  Chicap JI.M. K.M.H., CTapLIMii HAYKOBHUii CITiB-
HHMMH YCTAHOBAMH, sIKi ¥ CBOIi CTPYKTYpi MalOTh POGITHUK Bigainy Hedposnorii Ta
LeHTp Hedpoorii Ta aiaaizy Ta HagalTh MEIY- mianizy 1Y «IHcTUTYT Hedbposorii
Hy gornoMory xBopuM Ha XXH V /] ct. HAMH VYkpainwn»

A.1.2 Merta mpoTOKOJy: CTaHTapTU3yBaTW KOHTPodb  Jlikcymosa JI.O. k.M.H., ronoBHumii mikap Y
XiMi4HOI Ta GaKTepioNIOriYHOI O€3MEKHU BOAM IS «IHcTuTyT Hedposaorii HAMH
remMofiajizy / remomiadisbTparlii. Vkpainn»

A.2 TIPOTOKOJI KOHTPOJIIO XIMIYHOI TA BAKTEPIOJIOTTYHOI BE3ITEKW BOAU JJ15
TEMOJJIAJII3Y / TEMOJIIA®LIbTPALIILL

ITon0xeHHs MPOTOKOTY OO0rpyHTyBaHHS Heoo0xiani aii

1. IIpodinakTuka

[IpoBeneHHs remomianizy Ilepsunna npoghinakmurxa: O00B’A3K0BI:

BAMArae HasBHOCTI UL IIPOBEACHHSA TeMOiai3y 1. HasiBHiCTb CHCTEMMU BOIOMIATOTOBKH.
crieLianbHUM YMHOM TMOBUHHA BUKOPUCTOBYBATHCA | 5 ' HagpyicTh MIAHOBOTO KOHTPOIIO SKOCTI
MiArOTOBaHOI BOMIU, SIKA € OYMILICHA BOJA, K K BOUT BiITOBITHO TPOTOKOJY.

O.CH(.)BHHM KOMITOHCHTOM MlHlMyl\f’ BIITIOBINAE 3. HagBHicTb (popMM KOHTPOITIO PE3YILTATiB
MiaTi3yl040ro po3unHy. €BPONENCHKIM CTaHAapTaM

Y KOXXHOMY JliaTli3HOMY LIEHTPI.
4. TIpoBeneHHS perlaMeHTHUX POOIT
BiATOBIIHO peKOMeHAalliii BAPOOHMKA.
5. HagBHicTh anroputmy miit y pasi

HanexHe ouniiieHHsI BOAY € HE | SKOCTi BOAU A1 TeMOAiai3y.
JIMIIIE 3aII0PYKOIO O€3MEeYHOCTi | Bmopunua npogirakmuka:
MpoLIEAYPU TeMOdiali3y, ajie i | KOHTPOJIb IKOCTI BOIM JIJISI
CYTTEBO BIUJIMBAE HA SIKICTh TA | reMOAiai3Ily BilllOBiIHO

TPUBAJTCTh XWTTS NALIEHTIB. | CTAHIAPTIB. BCTaHOBJICHH HEBLITIOBITHOCTI
AKOCTI BOIM JUIA liafli3y 3a3HaYEHUM

CTaHIapTaM.

Cuicap JIronmuia MukoJaiBHa
snisarlyudmyla@gmail.com

4 Mpo6AeMK OPraHi3alLlii T eKOHOMIKM YKPQIHCKNIN XKYPHOA HedpoAoTii Ta aiaaizy N23 (59) 2018
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I1. diarHocTHKa

0O06’eM KOHTPOJIIO SIKOCTi

BOJIY BU3HAYAETHCS LIUM
MPOTOKOJIOM Ta 3[ilICHIOETHCS
B LICHTPi HedpoJIorii Ta aiasisy.

Jloka3u cBig4aTh, 110
CBO€YACHUM Ta aleKBATHUI
MOHITOPUHT SIKOCTi

BOJU 3MEHIIYE KiTbKiCTh
YCKJIaIHEHb Ta 30iIbIIYE
TPUBAJIICTD i AKICTh XXUTTS Y
xBopux Ha XXH V ]I.

O00B’A3KOBI:
1. CI/ICTeMa BO,Z[OHi,I[l"OTOBKI/I ITOBUHHA CKJIa-

. Cucrema BOIOITATOTOBKUA MOXKE MiCTUTHA

. Cucrema BigBOIY BOIOM Bif OJIOKY

JATUCh 3 OJIOKY IMOIEPETHEOIO OYMIIEHHS
Ta OJIOKY 3BOpOTHOTO ocMocy (30).

€MKOCTI JJT 30€piraHHs OYMIIEHOI BOAU.

OUMIIEHHS 10 MiaJli3HUX arapariB Mae
OyTU BUKOHAHA 3 MaTepiaiy, SKAi
nomnepemrkye 6bakrepialbHy KOHTaMiHALIiIO
Ta T03BOJISIE IIPOBOAUTH I€3iH(MEKIIIIO.

III. JlikyBauus

KoHTposb sikocTi Boau
3MICHIOETHCS BiAMMOBIIHO

JIO TPOTOKOIMY. Y pasi
BUHUKHEHHS TOTipIICHHS
SIKOCTi BOJOIPOBiTHOI BOAU,
po3repMeTu3sallii CHCTEMU
BIIBEAECHHS BOAU Bil CHUCTEMHN
BOJIOOYMILIEHHS Ta y pasi
3aMiHM OJTHOTO 3 KOMITOHEHTIB
CUCTEMM OYMILIEHHS BOIH,
KOHTPOJIb SIKOCTi BOAY
IIPOBOIUTHCS M03aYEPTOBO.

CBo€YacHUIT KOHTPOJIb Ta
MOHITOPMHT SIKOCTi BOIU
IIJI reMoJiialli3y 3abe3nevye
OUIBIILY TPUBAIICTH Ta KpaLLy
SIKICTh SKUTTSI.

O00B’A3K0BI:
1. KoHTposib MiKpOO0iOJOriyHOi Ta XiMiuHO1

. Bmict KYO B 1 M1 <100, BMiCT €HIOTOK-

. KoHTpoib

. EdbexTuBHICTh poOOTA CHUCTEMU 3BOPOT-

. Y pa3zi HeBiIMOBIAHOCTI IKOCTi BOAU

Baxani:
6. KonnykruHicTh nepmiaty 7-10 MxCwm/

7. Bmict KYO B 1 M <0, 1, BmicT

Oe3nmeku BOAM [JI TeMoJiallizy IpOBO-
JIUTHCS Y TIOBHOMY 00C$I3i 3 BiAIIOBiTHOIO
yacToToto (Tad. 1,2).

cuny <0,25 MO/mu.

MOMNEPENHLOTO  OYMIIEHHS
BOJY BUKOHYETHCS IIOACHHO Mepeld IMo-
YaTKOM J[diai3y MNIISIXOM BUMIipIOBaHHS
KOHIIEHTpALlil XJIOPY Y BOMi MiCJISI BYTiTb-
HOro (iabTPY Ta XXOPCTKOCTi BOAM ITiCJIs
oM’ siktryBayva (< 1mr/m).

HBOTO OCMOCY OI[iHIOETbCSI IMOACHHO
LUIIXOM BU3HAYEHHS KOHIYKTUBHOCTI
(MakCUMAaJIbHO JOIYCTUMi 3HAYEHHS IS
LO/TA®D no 30 MkCMm/cMm).

3a3HAYEHUM IMapaMeTpaMm BOAU JJIsI
reMofiajii3y, reMoialli3 He MPOBOAUTHCS
Ta MPUIMMAIOTHCS BiAMOBIAHI 3aX00H IS
YCYHEHHS MPUYMH.

CM.

enporokcuny <0,03 MO/mir.

Tabauys 1
MakcumajbHO I0MyCTUMI KOHLEHTpaNii XiMiYHIX eJIeMEHTIB y BOAIL 11 AiaJii3y Ta 4acToTa iX AOCTIIKEeHHs
Konraminanr | Max. KoHIeHTpauis (mMr/J) | Yacrora nociimpKeHb*
Toxcuuni konmaminanmu
ATOMiHi 0,01 1p/pik
3arajbHUi XJI0p 0,1 oxeHHO
Minn 0,1 1 p/pix
Dropun 0,2 1p/pik
CBUHEIb 0,005 1p/pik
Hitpartu (azor) 2 1 p/pik
CynbdhaTtu 100 1 p/pix
1070305 0,1 1 p/pik
YKPOTHCBKMIM XYPHOA HEPPOAOTT Ta AlaAizy N3 (59) 2018 MpoGAeMM OPraHI3aLLi TO EKOHOMIKK 5
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IIpoodosxcenns mabauyi 1

Konraminanr Max. koHueHTpauis (mr/J) | Yacrora 10caiKeHb*
Eaexmpoaimu
Kanpiit 2 (0,05 mMmoB/1T) IIlomenHo
MarHiit 4 (0,15 mmob/ar) IIlogeHHO
Kamiit 8 (0,2 MMOIB/IT) HlomeHnHO
Harpiit 70 (3,0 MmMoJTB/IT) ITlogeHHO
Ximiuni earemenmu 3 HU3bKOI KOHUCHMPAUIEIO
CypMma 0,006 1 p/pik
My’ sik 0,005 1 p/pik
Bbapiit 0,1 1 p/pix
bepuniii 0,0004 1 p/pik
Kammiii 0,001 1 p/pix
Xpom 0,014 1 p/pik
PtyTh 0,0002 1 p/pix
CeneHn 0,09 1 p/pix
Cpibno 0,005 1 p/pix
Taniii 0,002 1 p/pik

*- TTicasg moyaTKy eKcrulyaTalii CMCTeMU BOAOMIATOTOBKHM, TiC/Is PEMOHTHMX Ta LIOPIYHUX perIaMeHTHUX poOiT
KOHTPOJIb BUKOHYETBCS IIOMiCSILISI BIPOAOBXK 3-X Mic.

Tabauys 2
PiBHi Mikpooiosoriunoi uncroru somu aiasa IJI/T1D
€Bponeiiceka Dapmakomnest
IToka3HuK YucTOTH
Ouminena Boga | YabTpayucra Boja
MikpoOHa KOHTaMiHaIlisT (KOJIOHI YTBOPIOIOUMX OJVHUIIH/MJT) <100 <0,1
bakTepianpHi eHIOTOKCUHU (MiXKHAPOTHUX OTWHUII/MJT) <0,25 <0,03

JIOJATOK 1

IIpaBuia BigOopy mpod BOIM AJisA TAOOPATOPHIX
JIOCJTiKEeHb.

Binbip BUKOHYETBHCS 3 TOTPUMAHHSM TIpaBUI Bil-
6opy, 30epiraHHs i TpaHCIOPTYBaHHS.

[Mocyn misg Bimbopy nmpodu Mae OyTH YUCTUM i 3a-
OeareyyBaTH 30epiraHHs CKiady i BJaCTUBOCTEN Bifli-
OpaHoi MPoOU MPU TPAaHCTIOPTYBaHHI.

l'oysoBHI BUMOTHM 110 TIOCYAY:

® BUKOPHCTOBYIOTb CKJISIHUI a00 MOMieTUIEHO-
BUIf TTocyn eMHicTIo 1-1,5 1 (111 po3IiupeHo-
ro aHami3y a0 3 1)

IOCYA Ta KPUIIKHU ITOMEePEIHbO PETEIbHO MU-
I0Th, 0axkaHO B rapssuOMy MIILHOMY PO3UM-
Hi (IIpanbHi TTOPOIIKKA Ta XPOMOBY CYMIIll HE
MOXHa BMKOPUCTOBYBaTH!) i ©OGararopa3oBo
OMNOJIICKYIOTh YMCTOIO TEILIOK BOJIOIO

IS MiKpOOiOJIOTiYHOTO aHalizy BUKOPHMCTO-
BYIOTh TiJIbKM CTEpPUJIBHUI TOCYyHd, a Bimbip
MpoOM MPOBOASATH B CTEPUIBHUX PYKaBUUKaX,
a0o nponae3iHdiKoBaHUMU pyKaMU.

nepea BimdopoM MpoOM IOCYHA OIOJiCKYIOTh
He MEHIIIe TPhOX pa3 Ti€lo X BOJOI0, 3 SIKOI Oe-
peThcs Ipoba

nocyn, micist Bimdoopy mpodbu, Mae OyTH mpo-
MapKOBaHUI €TUKETKOIO, JIe CJIiJ BKa3aTu XTO

3aMOBHMK, Miclie Binbopy, maTa i yac Bigdoopy,
KiNBKIiCTb i JOZATKOBI 3aIMCH.

Saeanvui eumoeu 0o 8idbopy npob eodu, 36epieanHs
[ mpancnopmyeanus.

1. 3 xpaniB 3a0ip Bogu 3miHAICHIOIOThH ITiC/SI BiJIbHO-
IO BUITYCKY BOJAU IPHM MOBHOMY BiIKPUTTI KpaHy
BIiponoBxk 60 cek. (BoJga MOBMHHA ITOBIBHO CTi-
KaTW IO CTiHKaX EMHOCTI).

IIpu BigOopi mpodu 3 OAHOIO i TOrox Micus 3a-
0opy NI pi3HUX aHaJi3iB MEepIIMMU BilOMpPamTh
npoou Aj1 MiKpo0ioJoTiuHOro aHami3y.

3. Jlng oTpuMaHHS JOCTOBIpHUX Pe3yJIbTaTiB aHAJi3
BOJIM CJIii BUKOHYBAaTU, MO MOXJIUBOCTI, SIKHal-
LIBULIE, OaXaHo A0 6 TOAMH ITic/is 3a00py Ipo-
6u. Axio B AeHb 3a00py MpoOM aHasi3 HE MOX-
JIVBO BUKOHATH, TO TPOOY BOAU PEKOMEHAYETHCS
30epiraTu B XOJOAWIbHUKY He Oinbliie 48 TOaUH.

3ajexHo Bim mepembdauyBaHOI TPUBAJIOCTi 30epi-
raHHs BimiopaHUX MpoO MOXe BUHUKHYTU Heo0-
XiTHICTb B iX KOHCepBallil.

5. st TpaHCIOPTYBaHHS 60aXkKaHO OXOJIOAUTH IIPOOU
1o Temriepatypu 2-5 C. Ilig yac TpaHCcIopTyBaHHi
€MKOCTi 3 mpo0o10 MaloTh OYTU 3aXUILEHI Bif 3a-
OpyIHEHHSsI, YVIIKOJXEHHS Ta CaMOBLILHOIO Bijl-
KPUTTS TIPOOOK.

MpobAeMM OPraHi3ALLi TO eKOHOMIKM
HEPPOAOTIYHOT AONOMOTI
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Anroput™m XiMiyHoro kourposo Bomy nas [T/ T1D;

BHKOHABEIlb — TeXHIK

Kpok 1. Binoip 3pa3kis Boau.
ITpumitka 1. IIpoBoauThbes nepen ae3iHdexkuieio mapu 30 Ta IUCTATbHOTO CErMEHTY TeTJIi.
ITpumitka 2. IIpoBonuThes BigmoBinHo mo. 1
1.1 [Tepimii 3pa3oK Boau MOBUHEH OYTH BiniOpaHuii riepen nepimM QiJbTpoOM OUUCTKA
BOIY (BOIOIPOBiIHA BOIA).
1.2 Jpyruii 3pa30K BOAU MOBUHEH OyTH BiliOpaHWN 3 TUCTAIBHOTO CETMEHTY METII,
0e3IocepeIHbO MePe TUM, SIK Bofa oBepTaeThest 1o 30, abo 6e3MmocepeTHbOo mepen
THM, SIK BOJIa TIOBTOPHO HAJIXOAUTh y Pe3epByap [UIsl 30epiraHHsl, SIKIIO TAKWI €.
Kpok 2. Hanpapiienns 3pa3kiB Boau 10 JJa00opaTopii Ta peecTpanis y JKypHaJli OTPUMAHKX Pe3yJIbTATiB*
2.1 O1iHKa pe3yabTaTiB
2.2 XKonHa 3 XiMiYHUX CKJTAIOBUX HE TIEPEBUIIYE JOMYCTUMUX MEX KOHIICHTPAILIii - BUKOHYEThHCS
TeCTyBaHHS BiIIOBiIHO Tao. 1.
2.3 VY pasi nepeBuIleHHS JOITyCTUMUX MEX KOHIEHTPAIIil XiMiYHUX CKJIaIOBUX BUKOHYIOTHCS
KOPUTYBaJIbHI 3aX011 (TTEPENIITh 10 KPOKY 3).
Kpok 3. Kopexkuiis BcTaHOBJIEHUX NOPYLIEHb
3.1 KonueHTpailis XiMiYHUX peYOBUH MepeBUIeHa B 1-My 3pa3Ky, TOBTOPIiTh MOTO HETAiHO
(rmoBTOPITH KPOKM 1.1-3.1)
3.2 KoHteHTpalrist XiMidHIX pedOoBUH MEPEeBUIIICHA B 2-My 3pa3Ky (abo B 000X) :

3.2.1 | 3i0paTu Ta epeBipyUTH 3pa3Ku 3 iHIIMX YACTHUH MeTi (Iicas oM’ aKITyBaya, Mmicis
3BOPOTHOI'O OCMOCY, Ha BXO/li Y BOJOTiH, Ha BXO/i A0 AiaJli3HOTO anapary).

e OmiHka / KOpeKIIist MeTOINKH 3a00py 3pa3KiB.

* OuiHka / IpaBWIbHE JOTPUMAHHS MIPOIIEIyp Ae3iH(DEKIIil.

e Ominka / KoperyBaHHS KOMITIOHEHTIB CUCTEMH BOIU.

3.2.2 | dAxio HeoOXinHO, BUMKHITh mady 30, 3apeecTpyiiTe Moito B TPOTOKOIi, 3BEPHIThCS A0
CITy>KOM cepBicy.

3.2.3 IMoBimomTe mpo 1ie 3aBigyBaya BiIgiIeHHS Ta 4eproBoro Hegposora.

3.2.4 | Ilepe3amycTiTh CUCTEMY BOIOITIATOTOBKHU (ITOBTOPITh KpOoKu 3 1 1m0 3.1).

*

Bci pesynbratu XiMmivHux aHamiziB Bogu mist [J1/TA®, axi orpuMaHi 3 1abopatopii, TOBMHHI OyTH 3aI0KYMEHTOBaHi

TEXHIKOM B XXypHaJli. ¥ pa3i HasgsBHOCTi MOpyIlieHb, YeproByii He(POJIOT JOMOBIJA€ 3aBidyBauy BiadiieHHs. 3aBinyBay
BiliIJICHHS MiIMUCYE Ta aHAIi3yE OTPUMaHi pe3yJIbTaTu.

Anroput™ Mikpooiostorianoro konrpo.o sogu s I'1/T 1D

Kpok 1. Binoip 3pa3kis Boau.
ITpumitka: 3pa3ku cJif 3aBXAu Bigoupatu nepea AediHdekuiero mapu 30 Ta JUCTaALHOTO
CETMEHTY METi.

1.1 INepiuwnii 3pa3oK Boau MOBUHEH OYTH BimiOpaHUil epen nepnM (piabTpoM OUYNCTKH BOIU
(BomormpoBinHa Boaa).

1.2 Jpyruii 3pa3oK BoAU MOBUHEH OYTH BigiOpaHMii 3 TMCTAJTbHOTO CETMEHTY IETIIi, 0e3MocepeTHbO
Mepen TUM, SIK Boia moBepTaeThes 10 30, a00 6e3rmocepeIHRO Tepe TUM, SIK BOJa ITOBTOPHO
HAAXOAUTh Y pe3epByap JJisl 30€piraHHsI, SIKIIO TaKWM €.

1.3 3pa3ku BimOMPaIOThCS TICIIS BUTBHOTO BUITYCKY BOJIY TTPY IIOBHOMY BiTKPUTTi KpaHy BITPOTOBX
60 cex.

1.4 KpaniB He ciin ne3iHdikyBaTH.

1.5 KinbkicTh Boau, sika HeoOXigHa 111 MiKpo0ioJ0oriYHOro aHali3y, BU3HaYa€eThCS JabopaTopi€elo,
1110 TTPOBOIMTH aHAI3.

1.6 Ha emxocTi 3a3Ha4a€eThCs Miclie, JaTa, yac 3a00py BOOM.
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Kpoxk 2. Hanpapienns 3pa3kiB Bou B MiKpo0ioJIorigny JIa0opaTopiio Ta peecTpanis y XKypHaJi
OTPUMAHUX Pe3yJbTATIB*

2.1 O1iHKa OTpMMAaHMX Pe3yJIbTaTiB.

2.2 MikpobHa KoHTaMiHallis He niepeBuiIlrye piBHs 50 KYO/MJ - BUKOHY€EThCS MiKpOOioJioriuHe
IoCHimxXeHHs 1p/Mic. BinmoBinHO Tao. 2. (IMic/s yCTAHOBKU CHUCTEMU, PEMOHTHHX Ta IIOPIYHUX
periaaMeHTHUX POOiT IIOTUKHS BIPOAOBXK 1 Mics1is).

2.3 V pasi nepeBUIIEHHS TOMYCTUMUX MEX MiKpOOHOI KOHTaMiHAaIlii BUKOHYIOTbCSI KOPUTYBaIbHi
3ax0aM (MepemiTh 10 KPOKY 3).

Kpok 3. Kopexkiiiss BcTaHOBIEHMX MOPYIIEHDb

3.1 Kinpkicte KYO nepeBuiiieHa B 1-mMy 3pasKy, IOBTOPITh 1Oro HeraitHoO (ITOBTOPITh Kpoku 1.1-3.1)

3.2 Kinpkicte KYO nepeBumieHa B 2-my 3pa3ky (abo B 000X) :

3.2.1 Mikpo6Ha KoHTamiHalis repesuiye 100 KYO/mi1, opraHi3oByiiTe eKCTpeHy
ne3iHdexIrio (BIpomoBxX 24 TOAVH), BAKOPUCTOBYIOYH OLITOBY KMCIIOTY Ta
TOBiZOMTE TIPO 1Ie 3aBiyBaya BiIiIEHHS Ta Y4eproBoro Hedposora. 3apeecTpyiiTe
MOJIit0 Y BiANTOBiTHOMY MPOTOKOJT.
3.2.2 3i0paTu Ta nepeBipUTH 3pa3KM 3 iHILMX YACTUH TeTJi (ITicas oM’ aKIyBaJa, mics
3BOPOTHOI'O OCMOCY, Ha BXO/Ii Y BOAOTiH, Ha BXO/i J0 diaJli3HOTO arapary, Ha BUXO/i
3 amapary).
* OuiHkKa / KOpeKIlisl METOAUKU 3a00py 3pa3KiB.
* OuiHka / mpaBWIbHE JOTPUMAHHS TTPOLIeAYp Ae3iH(PEKIIil.
e Ominka / KoperyBaHHs KOMIIOHEHTIB CUCTEMH BOIM.
* OuiHKa MiKpo0ioJOTriYHMX JaHUX 3a MoMepenHi 3 Micsii
3.2.3 IToBTOpiTh Kpoku 3 1 1o 3.1.
2KypHan oTpuMaHMX pe3yJibTaTiB
30ip JaHKX / MOXEeHHMII 3BiT Pik:
Kanennapauii THXKIeHb:
JleHb THXKHS ITa Bt Cp Yr Ir Co Hpn
Yac
3amucu (TexHiK) O nuaunmi

KoHayKTUBHICTb IIepMiaTy MKCM/cM

Temrmepatypa nepMiaTy °C

Kanii MMOJIb/J

MarHiit MMOJIb/TT

Kanp1iit MMOJIb/J

Hatpiit MMOJIb/TT

IMignuc

TexHik:

YeproBuii HeppoJIor:

30ip naHux / moMicsTaHuii 3BiT Pik:

Micsup:

Micsnpb

1o jm [iv [v v |vi [vinix [x [x1 [xu

3anucu (TexHiK) OauHULI

MikpobOHa
KOHTaMiHallis

KYO/mn

bakrepianbHi
€HIIOTOKCUHU

MO/mn

IMinnmc:
TexHik
3aB. Bin.
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306ip nanux / mOpiYHMii 3BiT

Pic I R

3anucu (TexHiK) OnuHuLi
AmoMiHi MTI/JT
3arajgbHUiA XJI0p MT/JT
Miznp ML/
®ropwun MT/JT
CBuHELIb MT/IT
Hitpatu (a30T) MI/J1
Cynsdatn MI/1
uHk MT/JT
Hianuc:
TexHik
3as. BigmieHHs
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Abstract. The aim of our work was to determine the peculiarities of human leukocyte
antigen (HLA) cytokines and factors of endothelial dysfunction in the blood of patients
with nonproliferative forms (NP) of chronic glomerulonephritis (CGN) and nephrotic
syndrome (NS).

Methods. The distribution of HLA-antigens by identification of lymphocytes using of
the common microlymphocyte toxic test (Terasaki) was studied in 264 patients with
CGN, NS and 350 healthy donors. Among the examined patients were 96 subjects
with MP GN. The diagnosis was confirmed morphologically using the thin needle
nephrobiopsy. The immuno-enzymic method ELISA was used to study the levels of
cytokines and the factors of endothelial dysfunction in blood of 110 patients.

Results. We obtained a high relative risk (RR > 2) for CGN, NS at the presence
of HLA-A23, 24, 28, B8, 38, 41, 44 in phenotype (for NP + A30), the causal role
in etiopathology (c>0.1) is indicated for A24, 28; BS (NP +A19+31+32). The
disease protectors are B12 and B16 (NP +A9. The association of some antigens with
development of various morphologic forms of GN was determined.

Moreover, we found a statistically high levels of pro-inflammatory cytokines (tumor
necrosis factor-o. (TNF-o,), IL- 17, monocyte chemoattractant protein 1 (MCP-1)), anti-
inflammatory cytokines (IL-4, transforming growth factor ) and factors of endothelial
dysfunction (vascular endothelial growth factor (VEGF), soluble vascular cell adhesion
molecule-1) in the patients with NP GN compared to healthy donors. The MCP- 1 levels
in the patients with proliferative GN are reliably higher than in NP patients.

No statistically significant dynamics of cytokines level in the patients with NP GN was
revealed (exclude the level of TNF-a,) after the treatment. But, the positive treatment
effect was associated with the statistically decreased of TNF-o., MCP-1 and VEGF.

Our results suggest that HLA-antigens and other indicators of immunity (TNF o,
MCP-1 and VEGF) can be used as the additional prognostic markers in the patients
with GN and NS.

Key words: chronic glomerulonephritis, nephrotic syndrome, nonproliferative forms,
HLA-phenotype, cytokines.
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Oco0/mBOCTI MOKA3HUKIB IMYHITETY Y XBOpPHX Ha HenpodidpepaTuBHi hopmu
XPOHIYHOTIO IJIoMepyJIoHepuTy
AV «Iactutyt Hedpponorii HAMH Vkpainn», M. KuiB, Ykpaina

Pestome. Mema pobomu: euznauumu ocobausocmi HLA-enomunie ma nokasnukie uumokiHoeoi AaHKu iMyHi-
memy 3 gpakmopamu eHoomeniarbHoi ducyrkuyii y xeopux na Henpoaigpepamusni (HII) gpopmu xponiunoeo enomepyno-
Hegppumy (XI'H) 3 neghppomuurum cunopomom (HC).

Mamepian ma memodu. Busuanu poznodin HLA-aumueenie 3a 0onomozoro Mikpoaim@oyumomokcuyHo2o mecmy
Tepacakiy 264 xeopux na XTH, HC (ceped axux ananizyeaau dani 96 3 HII T'H) ma 350 300posux donopie. Mopghoaoeiu-
HUil diaeHo3 0y6 niomeepoiceHuil Memodom MoHK0ie0abHOI Heghpobioncii. Jns eueuenHs pigHie yumokinie ma gpakmopie
endomenianvHoi ducynkuii 6 kpoesi 110 nauienmie suxopucmogyganu iMyHogepmMeHmHuUil AHANI3.

Pezyaomamu. /lns XI'H, HC sionocruii puzuk eucoxuil (RR > 2) 3a nasenocmi HLA-A23, 24, 28, BS, 38, 41, 44
(v xéopux na HII TH +A30), npuuunna poas (c > 0.1) noxazana ons A24, 28, B8 (HII +A19+31+32); npomexmopamu
3axeoprosants € B12 ma B16 (HII +A9). Busiéaeni anmueenu-nposokamopu pizHux mopghonoeiunux gpopm XIT'H.

Y nauyienmie 3 HII I'H euseaeno 6 kposi eucoki pieHi sk npo- (mparcgopmyrouuil pakmop pocmy arvgpa (TNF-a,),
inmepaeiixiny 17 (IL-17), monoyumapHuii xemoampaxmaumuuii npomein 1 (MCP-1)), mak i npomuzananvrux (IL-4,
mpancgopmyrouuii hakmop pocmy b6ema (TGF-B)) yumokinie, pakmopie endomeniansroi ducynkuii (paxmop pocmy
endomenito cyoun (VEGEF), pozuunna mosekynra adeesii cydunnux xaimun (sVCAM-1)) ma 3nuxcenns E-cenekmuny.

Pisenv MCP-1y xeopux na nponigpepamueni I'H 6y6 euwum, Hide y pasi HenpoaichepamugHux ghopm.
He 6useaeno docmosipuux 3min yux nokasuuxie imynimemy 6 epyni xeopux na HII I'H nicas nposedenoeo niky-
6aHHs, 3a euHamkom 3HuxcenHs TNF-o. (p = 0,001), ane no3umueHuii ecpekm AiKy8aHHA aAcOuir08aé 3 0OCMOBIPHUM

sHuMIceHHAM KoHyeumpauitt MCP-1 (p = 0,005) i VEGF (p =

0,028).

Bucnosku. Buseneni docmosipui acoyiauii HLA 3 XTH, HC ma iioco Henponigpepamusrumu mopghonoziyHumu
gopmamu dozeonsarome eeadcamu makxi anmueeHu 6 eHomuni nayicumie ma iHwi nokaznuxu imynimemy ((TNF-o.,
MCP-1iVEGF) dodamkogumu npoeHOCMU4YHUMU MAPKEPAMU.

KnouoBi cioBa: xponiunuii enomepynonedppum, Hegppomuunuii cunopom, Henponighepamusri gpopmu, HILA-

genomun, yumoxinu.

Bceryn. BusznayeHHs iMyHHUX MeXaHi3MiB pO3BHU-
TKY MaTOJIOTii HUPOK € aKTyaJlbHUM Ta Ma€ BaXXIUBY
MpakTUYHY cripsgMoBaHicTs [1-4]. Ha cyyacHoMy eTami
BEJIMKUI IHTEpEeC BUKJIMKAIOTh NMUTAHHS Ie€HETUYHOI
JIeTepMiHOBAHOCTI MATOJIOTi, B TOMY UMCIIi TJIOMEpY-
noHedpputiB (I'H), a TakoxX cTaH UMTOKIHOBOI JaHKU
iMyHirtety [5-6].

Binomo, 1110 31aTHICTh iIMyHHOI CUCTEMM pearyBa-
TH Ha aHTUTEH T'€HCTUYHO KOHTPOJIIOETHCS i BaXKJIM-
Be Miclie y ¢popMyBaHHi iMyHHOI BilMOBiAi 3aiiMaiOTh
TeHU FOJIOBHOTO KOMIIIEKCY TiCTOCYyMiCHOCTI — human
leucocyte antigens (HLA) [7]. Perynsis iMmyHHOT Bij-
MOBiZli HA 10TO MOYAaTKOBUX Ta MPOAYKTUBHUX eTarax
€ OJIHI€I0 3 TOJIOBHUX (pi3ionoriyHnX GYHKIIi cCCTeMU
HLA. Ilomyk reHeTUYHUX OCHOB CXUJIBHOCTI O 3a-
XBOPIOBaHb 03BOJIMB PO3KPUTHU IesIKi MeXaHi3MU, SKi

Hpisaceka BikTopis €BreniBHa
victoriadriyanskaya@gmail.com

MOSICHIOIOTH 3B 130K HLA 3 3axBopioBaHsIMU 4epe3 iX
BILJIUB Ha iMyHHY CHUCTEMY, B TOMY YUCJi IUTOKiHOBY
naHkKy [8, 9]. Lle Hamamo MOXJIUBICT PO3POOUTHU HOBI
MeToau MpodilaKTUKU Ta JTiKyBaHHS 60araTboX 3aXBO-
PIOBaHb.

BaxxnuBy posib B pO3BUTKY Ta MPOrpecyBaHHI 3a-
XBOPIOBaHb HUPOK I'paloTh Mpo3araibHi IUTOKIHU, 1110
MPOAYKYIOThCSI, TOJIOBHUM YMHOM, MOHOILIMTAMM/Ma-
kpodaramu (TNF-a, IL-18, MCP-1) i T-xennepamu
17 (IL-17), a TakoxX TpoTu3anaibHi meaiatropu (IL-4,
TGF-B), dakropu eHnoremiatbHOi AuchyHKIii [2, 10,
11].

Meta po6oTu: Bu3HAuMTH OcoGaMBOCTI HLA-
(beHOTHUITIB Ta MOKA3HUKIB IIUTOKiHOBOI JIJAHKU iMyHi-
TeTy 3 (paKTOpaMU €HAOTediaJbHOI TUCPYHKIIIT Y XBO-
pux Ha HemnpouidpepaTuBHi (GOpMU XPOHIYHOIO TJIO-
MepyJioHepuTy 3 HeppoTUUHUM cuHIpomoM (XI'H,
HC).

Martepiamm i meromm. HocuimxyBamum HLA-
denorunu y 264 xpopux Ha XI'H, HC I-II ct., cepen
SIKMX aHajiidyBanu gaHi 110 malieHTiB 3 MiATBepaXKe-
HUM HedpoOioIicieto JiarHo30M (pOKaJIbHOTO CerMeH-
TapHoro rtioMepynockieposy (®CI'C), mepBUHHOI
MeMOpaHo3Hoi Hedppomnatii (MH), xBopobu MiHiMalb-
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Hux 3MiH (XM3). I'pyny nopiBHsiHHS ckianu 350 310-
POBUX JOHOPIB — MelIKaHIliB M. Kuena.

IMauienTn Oyau oOOCTeXEHi 3aralbHOMPUIHSI-
TUMU IS HEPPOJOTIYHOI MPAKTUKU J1abOpaTOpHU-
MU i iHCTpyMEHTaJIbHUMU MeTtogamu. KiliHiuHUA
JliarHO3 BCTAHOBJIIOBAIM Ha OCHOBi aHaMHe3y, TaHUX
00’€KTUBHOIO OOCTEXEHHS, MaHUX JabOpaTOPHUX i
IHCTPYMEHTAJbHUX JOOCIIAXEHb: 3arajJbHOTO aHali3y
KpOBi, cedi, 1000BOi NMpoTeiHypii, 6ioXiMiYHOTO J0CTi-
JUKEHHS KPOBi 3 BUBHAYEHHSIM BMiCTY CEYOBUHMU, Kpe-
aTUHiHY, 3arajbHoro Oinka, anboyminy, AJIT, ACT,
0inipy6iHy, xonectepuHy, Y3/l HUpoOK, maToMopdhoJio-
TiYHUX J0CHiIXKeHb HepoOionTaTiB.

Bcim xBopuM 3 HC Ta MopdosoriyHo BCTaHOB-
JICHUM TUTIOM TJIOMepyJoHedputy Oyia Mpu3HayeHa
iMyHOTpomnHa Teparisi 3rifHo [IpoTokosiB JdiKyBaHHS
xBopux Ha XI'H, HC. IlpenHizojioH mpu3HavaIu y 103i
1 Mr/KT/n00y TIpOTSTOM 4 TUXHIB, HAAAJi 03y TIpea-
Hi30JIOHY TTOCTYITOBO 3MeHIIyBaiu 10 0,5 Mr/Kr/mo0y,
a 3a HasgBHOCTi ropmMoHope3ucteHTHOCTi (I'P) moBHic-
TIO BiAMiHSIJIM, UM 3MEHIIYBaIU J03Y i MOEAHYBAIU 3
LIUTOCTaTUKaAMU. 3aCTOCOBYBAIU IMYyJbC-TEPAITil0 LIU-
kiodochaHoM 3 po3paxyHky 0,75 r/mM? IJI01LIi MOBEPX-
Hi Tija 1 pa3 Ha Micsub poTsiroM 6 MicsuiB. [lamieH-
TaM, 1110 OyJM Pe3UCTEHTHUMMU 10 Tepamnii HMKI0goc-
¢paHom, abo 3a HasIBHOCTI yCKJaAHEHb JaHOI Teparlii,
3aCTOCOBYBAJIU CEJUI-CETIT YU CAaHIIMYH.

IMyHoOJTOTiUHE 0OCTEXXEHHS NaLliEHTIB TPOBOIUIN
JI0 TMOYaTKy iMyHOTPOITHOI Teparii Ta BU3HAYAIU OU-
HaMiKy IMTOKIiHiB micas 12 TUXHIB ii mepmoro Kypcy,
MapayieJibHO OLIiHIOIOYHU Pe3yJIbTaTH JiKyBaHHS - FOp-
MOHYYTJIUBICTb, - PE3UCTEHTHICTh, TOPIiTHUI Nepedir
(6e3 eexry).

HLA-aHnTUreHu BU3HAYalu 3a JOTIOMOTOIO CTaH-
JapTHOTO  MiKpoJiM(OUMTOTOKCUYHOIO TECTy Ha
IUtaHerax Tepacaki 3 3aCTOCYBaHHSIM CHELiaTIbHOL
naHesi aHTu-HLA cupoBaTok (20 aHTUTEHIB JIOKyCY
A, 31 —3 nokycy B i 9 — 3 nokycy DR). Jlimdoiuru,
IO MiAJIsATaJu TUITYBAHHIO, BUAUISUIUA 3 TeNapyHi30Ba-
HO1 nepudepuvyHOi KPOBi LIUISIXOM LEHTPUDPYTYBaHHS
y TPafli€HTI WIUIBHOCTI (pikoa-BeporpadiHa.

Pisenb npo (TNF a, IL-17, MCP-1) i npoTtusa-
nanbHux (IL-4, TGF-B) uuToKiHiB, CYIMHHOIO €HI0-
teqianbHOro dakropy pocty (VEGF), po3unHHux Mo-
snexkya cyauHHoi aaresii (SVCAM-1) ta E-cenexTuHiB
B CUpOBaTILli KpoBi Bu3Havuaiu y 110 xBopux 3a gomno-
Morow [DA Ha anamizaropi «SunRise TouchScreen»,
BUKOPUCTOBYBaU TecT-cuctemMu «Diaclone» (®paH-
uis), DRG (HimeuunHa) Ta «Bekrtop bect» (Pocis),
pedepeHTHU fiana3oH - y 25 3MI0pPOBUX IOHODIB.

HocrtoBipHicTb pisHuli yactotu HLA-aHTUreHiB
OLIIHIOBAJIX 3a JOMOMOTOI0 KPUTEPIil0 Xi-KBaapatr s
Tabauupb 2x2. ¥ BUNagkax, KOJu OJUH 3 MOKa3HUKIB
0yB MeHiIue 10, a5 OLiHKY JOCTOBIPHOCTI Pi3HULII BU-
KOpUCTOBYBaJIM TOuHMT MeTon Dimepa.

BenuuuHy BiTHOCHOTO pPHU3KUKY 3aXBOPIOBAHHS
(RR) BuzHavanum 3a xoedinientrom: RR = a6/sr, ne a
- KiJIbKiCTh XBOPUX, MO3UTUBHUX 32 JAHUM aHTUTEHOM
(Ar), 6 — KiNbKiCTh OCi0O KOHTPOJIIO, HETATUBHUX 32

JaHVUM aHTUTEHOM, B — KiJIbKiCTb XBOPUX, HETATUBHUX
3a TaHUM aHTUTEHOM, T — KiJIbKiCTh OCi0 y KOHTPOi,
TMO3UTUBHUX 3a TaHUM aHTUTeHOM. [Tpu 1IbOMY 3HAUM -
MUMU BBaxanu nmokasuuku RR>2,0 [7].

Etiosnioriuny dpakuito (aTpubyTUBHUN PU3UK,
o) IiapaxoByBaiu 3a GopMysio: ¢ = X — y/1 — vy,
JIe X — YaCTOTa aHTUTEeHY Y XBOPUX, a y — YacToTa y
300poBUX. JlaHUil TMOKAa3HUK AO03BOJISIE 00’€KTUBHO
OLIiIHUTU NPUYUHHY POJIb Y €TiOMaTOreHe3i 3aXBOpIo-
BaHHS OJHOTO 3 IEKiJTbKOX aHTUTEHiB-TIPOBOKATOPIB,
s skux RR>2,0, i 1ocTOBipHUM BBaXKaju MOKa3HUK
c>0,1[7].

PesyabTaTtu. JociinkeHHsI BUSBUIH, IO Y XBO-
pux Ha XI'H, HC (264), B mopiBHSIHHI 3 IpyIoI0 310-
poBux oci6 (350), RR > 2 6yB mig antureHiB: A23 3
RR =3,48, A243 RR =227, A28 3 RR = 2,05, A29 3
RR = 7,72, A30 3 RR = 5,85. Auturenun A24 ta A28
30 =0,1 (p=0,005Tap=0,009) cknagaroTb eTi-
ojoriuny ¢pakuito po3sutky XI'H, HC. HLA-A9 B
rpymni XBOpUX 3ycTpiyaBcsd AOCTOBIPHO pialle, HiX Y
3popoBux (p = 0,005), MOXIMBO 32 paxyHOK Kpalioi
BUSIBJISIEMOCTI HOTr0 OKpeMuXx ckianoBux (A23 i A24),
10 0OOYMOBJIOBAJIU BiJHOCHUU, a A24 i aTpuOyTUB-
Huil pusuk XI'H.

B nokyci B y xBopux 1OCTOBipHO YacTillle, HiX B
TpyIli NOPiBHSAHHS, 3ycTpivanucs anturenu B8 (RR =
2,52), B38 (RR =5,97), B41 (RR = 5,50) ta B44 (RR
=24,32). Erionoriuny dpakiiito ckiianae HLA-BS (o =
0,17), a3anokycom DR - DR1, -4, -w52. IIpoTtekTopa-
M 3axBopioBaHHs € B12 ta B16 (p < 0,001).

VY mNoJIOBUHM 3 OMUCAHUX MALli€HTIB 3p00JIEHO
Oiomncii HUPOK Ta BU3HAYEHUU MOp@OJOriyHuit mia-
THO3, TOMY JIOAATKOBO XapaKTepu3yBuIU (HEHOTUITU
rpyn xBopux 3 npodidepatusHumu (I) Ta Henponide-
patusHumu I'H (II), no sxux BigHOCUIACh OiNBIIICTh
aHafi3oBaHuUX (eHoTumiB. AHani3 | rpynu BUSBUB,
IO N0 eTiojioriyHoi ¢pakiii BinHocaThes A23 3 RR
=11,59 10 = 0,20 (p = 0,041), nonaTkoBi aHTUTEHU
- B14 3 RR=17,44 i 6=0,54 (p < 0,001), a Takox B27
3 RR=6,13 i 6=0,30 (p = 0,024), s1xuit yacTo BU3HA-
YAEThCA Y pa3i ayTOIMyHHUX XBOPOO.

AHani3z rpynu HemnposidepatuBHux I'H BusBUB
e auTuredu BimHocHoro - A30 3 RR=15,05 i1 6=0,08
(p <0,001) - Ta aTpubyTBHOTrO pU3KKY - A19+31+32
3 RR=2,521i6=0,13 (p = 0,007); nporextop - A9 (p <
0,001).

Amnani3 ocoonuBocteit po3nonily HLA-aHTureHiB
3aJ71eXXHO Bifl MOP(OJOTIiYHOTO AiarHo3y (B rpymnax 3
JIOCTaTHBOIO IS TAKOTO aHali3y KiJbKiCTIO 00cCTe-
KE€HUX) O3BOJIUB MiATBEPAUTU aOCOJIOTHUN PU3UK
po3Butky ®CI'C (46 xBopux) y HociiB A23, A24, A28,
A30, A19+31+32, B14, B41, B44; anturenn A2, A9,
B12i B16 3ycTpivanucst y XBOpUX IOCTOBIpHO pifiire, iX
MOXHa BBaXkaTu npoTekTopamu uiei dopmu I'H (Tada.
1, 2).
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Tabauys 1
Yacrora po3noxixy HLA-A anTurenis y xsopux Ha @CI'C, BinHOCHMIi Ta aTPNOYTHBHHMIT
PHM3HK PO3BHUTKY 3aXBOPIOBAHHS
Jlokyc A
n-ar YacTora (%)
HLA-B n-ar KOHTPOIIh xBopi ar (%) y yacrora ar (% RR o
n=350 _ Y XBOPHX
n=46 310POBUX
Al 98 8 28,0 17,4 0,54 -0,15
0,15
A2 173 6 49,4 13,0 p < 0,001 -0,72
A3 60 8 17,1 17,4 1,02 0,003
0,18
A9 70 2 20,0 4,3 p = 0,004 -0,2
Al10 60 7 17,1 15,2 0,87 -0,02
All 57 10 16,3 21,7 1,43 0,065
Al9 17 1 4,8 2,2 0,44 -0,03
7,63
A23 8 7 2,3 15,2 p = 0,004 0,13
3,13
A24 22 8 6,3 17,4 p = 0,043 0,12
A25 32 4 9,1 8,7 0,95 -0,004
A26 22 2 6,3 4,3 0,68 -0,02
5,57
A28 28 15 8,0 32,6 p < 0,001 0,27
29,74
A30 2 7 0,6 15,2 p < 0,001 0,15
A19+31+32 35 14 10,0 32,6 4,36 0,25
’ ’ p=0,021 ’
Tabauys 2
Yacrora po3noxiaxy HLA-B anturenis y xsopux Ha @ CI'C, BitHoCHMII Ta aTPHOYTHBHHMIT
PHM3HK PO3BHTKY 3aXBOPIOBAHHS
Jlokyc B
n-ar 9acToTa %)
HLA-B n-ar KOHTPOII xBopi ar (%) y yacrora ar (% RR o
n=350 _ Y XBOPHX
n=46 310POBHX
B5 56 1 16,0 2,2 0,17 -0,16
B7 73 8 20,8 17,4 0,80 -0,04
B8 47 9 13,4 19,6 1,57 0,07
0,09
B12 73 1 20,8 2,2 b < 0,001 -0,21
B13 61 6 17,4 13,0 0,70 -0,05
4,10
Bl14 25 11 7,1 23,9 5= 0,004 0,18
B15 34 4 9,7 8,7 0,89 -0,01
B16 33 0 9,4 0 p=0,009
B17 50 3 14,3 6,5 0,42 -0,09
B18 29 2 8,3 4,3 0,50 -0,04
B21 20 1 5,7 2,1 0,37 -0,04
2,79
B22 18 6 5,1 13,0 p=0.124 0,08
B27 29 5 8,3 10,9 1,35 0,03
B35 60 1 17,1 2.2 0,11 -0,18
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[Ipodosicenns mabauyi 2
N-ar KOHTPOJIb n-ar Jacrora qactora ar (%)
HLA-B _ pox XBOPi ar (%)y ° RR c
n=350 _ Y XBOPUX
n=46 3I0POBHX
8,65
B38 3 3 0,8 6,5 p = 0,086 0,06
7,39
B39 1 1 0,3 2,2 p=0.617 0,02
B40 36 5 10,3 10,9 1,06 0,007
22,26
B41 3 7 0,8 15,2 p < 0,001 0,15
59,66
B44 1 7 0,3 15,2 p<0,001 0,15
15,11
B49 1 2 0,3 4.3 p=0.140 0,04
3,89
B22+55 18 8 5,14 17,4 p = 0,020 0,13

MH (29 nauientiB) acouioe 3 Al0Q (TipenukTop
XHH) - RR=2,55i06=0,21 (p =0,031), B8 - RR=4,56
i0=0,17 (p = 0,002), B38 - RR=25,83 1 6=0,17 (p =
0,001), B44 - RR=69,23 i 6=0,17 (p < 0,001); mocto-
BipHO pimmre 3ycTpigammcs Ti X cami aHTUTeHH A2 (p
=0,034), A9 (p <0,001), BI2 (p <0,001), a Takox BS
(p = 0,004); B16 Mae TeHOEHLiIO A0 3HMXEHHS B Liil
rpyni — p=0,067 (MOXJIMBO, 3a PaxyHOK ii MajJouM-
CEJIBHOCTI).

Hng XM3 (21 xBopuil) BUABJICHi TOCTOBIpHI Bif-
MiHHOCTI JacTtoTh 3ycTpidyaemocti A28 3 RR=5,7 i
6=0,28 (p = 0,002), B8 (acomitoe 3 'P) 3 RR=5,9 i
6=0,40 (p = 0,006), B44 3 RR=103,8i 6=0,24 (p =
0,011), sxi OOYMOBIIOIOTH BITHOCHWI PM3WK B TPYITi
BCix mpoaHanizoBaHux xBopux Ha XI'H, HC; B12 Bu-
CTyNae MPOTEKTOPOM TaK caMo, SIK i B TTOTIEPEaHIX M-
rpymnax (PCI'C, MH).

He3Baxawouu Ha OUIbII BUpPAXKEHi TIPOSIBU iMYyH-
HUX ypaxXXeHb B OioITaTax HMPOK y pa3si mpoiidepa-
tuBHuXx 'H, My BBaxkanu mOLIJILHUM HaJaTU Xapak-
TEPUCTUKY LIUTOKIHOBOI JJaHKU iMYHITeTy i IS He-
npoiidepaTuBHUX GOpM.

HocnimxkenHus kposi xBopux Ha ®CI'H, MH Ta
XM3 pgo nikyBaHHS TOKa3aJd BUCOKHWI PiBEHb TUX
caMUX IUTOKIHIB, IO ¥ B Tpymnax IpoJjiicepaTHBHUX
I'H — npozananeaux TNF o, IL-17, MCP-1 (3 6iibi
BHUCOKHMMHM ITOKa3HMKAMU OCTaHBOTO y pa3i mporide-
patuBHux ¢dopm 'H), mpodidoporennoro TGF-B, a
takox criBBinHomeHHsI TNF-o/TGF-f, mo cBimunth
IIpo TIepeBary Impo3anajJbHUX peakiliii Ha GoHi BUCO-
KOi aKTUBHOCTi MOHOIIUTIB-MakpodariB u T-xenmepis
17.

Ilinx yac mociimKeHHS IMOKa3HUKIB €HAOTeNialb-
Hoi mucoyHkuii SVCAM-1 ta VEGF, piBerb skux
y xBopux Ha XI'H, HC Takox OyB IOCTOBipHO BWILE
"HopMmu (p<0,001 mmsa oOOX ITOKa3HWKIiB), ITOCTOBIp-
Hoi pizHui Mix I ta I rp He BUsIBJIeHO — BiAMOBIAHO,
p=0,670 Ta p=0,626. CepenHiii piBeHb E-cenekTnHiB y
nauieHTiB OyB HMXKYE 3a HOPMY, Pi3HULI MiX rpyraMu
TakoxX He 0yino — p=0,758.

3a HasgBHOCTI OiJIBII HU3HLKOTO (POHOBOTO PiBHIO
TNF-a mpu sk MH, Tak i @CI'C B mopiBHSIHHI 3 TIpO-
nipepatuBHuMu popmamu (p < 0,05) pisHULIL MixX cO-
0010 moKa3HMKiB 000x 1tnx ¢popm I'H He Oyno — Bimmo-
BigHo 37,713,6 Ta 44,94 4 nxr/ma (p > 0,05).

Ha BinMminy Big npomigepatuBaux ¢opm I'H, He
BUSIBJIEHO JOCTOBIPHOI KOpEJSlil MiX piBHSIMM LIM-
TOKIHIB J0 JlikyBaHHs Y maiieHTiB sk 3 ®CI'C, TaK i
MH i XM3 (p>0,05), mo Moxe CBiTIUTH IIPO MEHIITY
3HAYYIIICTh 1Ii€l JaHKi B iMyHOTreHe3i Hempoiidepa-
tuBHux 'H.

He BusiB1eHO JOCTOBIpHUX 3MiH MOKA3HUKIB iMy-
HIiTEeTy B TpyIli XBopux Ha HermpoiidepatnBumuii 'H
ITiCJIST TIPOBEIEHOTO JIiKyBaHHS, 32 BUHSITKOM 3HUKEH-
HsI TNF-a (p = 0,001), cepenni pisai MCP-1 B kpoBi
MaJIM TeHIEeHIIio 10 3HkeHHs (p = 0,072) (puc. 1);
ajie y XBOpHUX 3 TMIO3UTUBHOIO IMHAMIKOIO ITi/l BILTUBOM
Teparlii TOCTOBIpHO 3MiHIOBaBC i 1l MMOKa3HUK (p =
0,028).

BusiBneni gesiki 0co0IMBOCTI AJ1s1 KOKHOI 3 hopM:
Yy pasi He3al0BUIbHOI peakllii Ha Tepamniio y XBOpHUX 3
DOCTI'C 6inpir HU3BKI (OHOBI PiBHI MPOTU3aNATIBHOTO
IL-4 (p = 0,043), sxuif He 3MIHIOETBCS TICIS JIKY-
BaHHS, npu 1boMy cmiBBimHOomeHHST TNF-o/IL-4 y
pazi TopmigHoro mepediry (TII) xBopoOM TOCTOBiIpHO
HUXXYe, HiX TIpu JOCITHEHHI KJIiHiKO-71ab0opaTopHOi
pemicii (KJIP) (p = 0,032); 3 TII y pa3zi MH acorritoe
TeHIIEHIIist 10 3HMXeHHs B mipolueci Teparii TGF-B (p
<0,01), MOXIMBO, BHACTIAZOK 3MEHIICHHS OT0 IpPO-
TU3aMaJIbHOI Hil.

g ®CI'C xapakTepHUii BUCOKUI (POHOBUIA Pi-
BeHb VEGF, axuii GiibInl BUpaxkeHUH TIpU MOAaIb-
womy TII — BignosigHo, 232,2 [206,7; 374] ta 190,7
[124,5; 260] (p = 0,05). Ilicas tepamii xBopux 3 HII
dopmamu I'H piBai sVCAM-1 (p = 0,561), VEGF
(p = 0,140) ta E-cenextuny (p = 0,832) He 3MiHIOBa-
muchk. Ane y pasi pocsrHeHHst KJIP mocroBipHO 3HM-
KyBaBcs nmoka3HUK VEGF (p = 0,005) (ma BimMmiHY
Big TII, p = 0,366), Toxi ik sSVCAM-1 ta E-cenextun
Oysu 0e3 3MiH - BignosigHo, p = 0,815, p = 0,160.
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Puc.1. CupoBaTkoBi piBHi MOKa3HUKIB iMyHITeTy Y XBOpUX Ha HemnpoidhepaTuBHi popmu XI'H, HC
1o Ta Ticas JiikyBaHHs (p > 0,05).

OO0roBopeHHsl. AKTyaJIbHICTh Ta CKJIAAHICTD MTPO-
o6nemu ikyBaHHsI 'H o6ymoBIieHi TUM, 1110 y GiJIbIIIOC-
Ti BUITAIKiB €TiOJOTiYHUI (haKTOp 3aXBOPIOBaHHS 3a-
JIMIIIAEThCSI HEBCTAaHOBJAEHUM. barato mutaHb nojaajib-
LIIOr0 PO3BUTKY 3aXBOPIOBAHHS TaKOX HE 3»SICOBaHi —
e LIJISIXM TIpOorpecyBaHHS AAaHOI MaTooril, MPpUUUHU
BUHMKHEHHS PE3MCTEHTHOCTI IO TepalTii ITIOKOKOPTH-
KOiZaMu Ta HIMTOCTaTUKaMu Ta iH. Lle crioHykae 10 Bu-
3HaYEHHs HOBUX JIAHOK MaTOTe¢He3y NJaHOTO 3aXBOPIO-
BaHHSI, MPOTHOCTUYHUX MapKePiB IS pO3POOKHM OiTbIII
e(eKTUBHUX, iHAMBiAyaJli30BaHUX METO/iIB JIIKyBaHHS.
B oMy acniekTi mepcrieKTUBHUM € HAIpPsIMOK BU3Ha-
YEeHHS 3B»SI3KY 3aXBOpPIOBaHb HUPOK 3 aneiassmMu HLA-
TeHiB, a TAKOX 3 aJleJIbHUMM BapiaHTaMU T'€HiB LIMTO-
KiHiB [12]. ToMy ayXe LIKaBUMMU i TAKUMHU, 1[0 MAIOTh
BaxXJIMBe MpaKTUsSHE 3HAYCHHS I KIJIIHILIMCTiB, BBa-
KaeMo oTpuMaHi naHi momo acouiauii XI'H, HC 3 Ha-
aBHicTIO B peHoTuri nmauieHta HLA-A23, -24, -28, BS,
-38, -41, -44 (RR>2); npuunHHa posib 3 aOCOTIOTHUM
pusukoM (6>0,1) BctanoBneHa mist HLA-A24, -28.

TunyBaHHs 3a J1oKycoM B BusABMIIO, 110 Y Talli-
entiB 3 XI'H, HC BigHOCHMIT pu3MK 0OOYMOBIIIOIOTH
B8, -38, -41 Ta -44 (RR>2,0), 1o crniBmaao 3 JaHUMU
OpUTAaHCBHKUX OOCiIIHUKIB 10m0 acouiauii B8 ta B44
3 peaxkumu popmamu I'H [13]. Erionoriyny dpaxiiito
xBopoou cknagae HLA-B8 (o= 0,17), BizoMo, 1110 Liei
AHTUTEH B MOMYJISLii 3yCTpiYaeTbCs Y 0Ci0 3 CUIBHUM
TUITOM iMYHHOI Bignosizi [7].

TakuM 4MHOM, HaMM BIepIle IOKa3aHO, 10 B
YKpaiHCBKiil MOMyNsuii TpeIuKTopaMHu PO3BUTKY
XI'H, HC B gopociomy Billi € HasiBHiCTb B (PeHOTHUITI
A23, A24, A28; B8, B38, B41, B44. [Toka3aHa Baxjiu-
Ba poJib aHTUTEHIB A24 Tta A28 - eTionoriuHoi ¢pakirii
po3sutky gk XI'H, HC B wisomy, Tax i 1oro okpeMux
HIT dopm (®CI'C i XM3), miaTBepaxeHuil He TiJib-

KM BiTHOCHWUIA, ane ¥ aOCOJNIIOTHUI PU3UK PO3BUTKY
®OCI'C y nociiB A23, B41, B44. 3Beprae yBary 3HU-
xeHH4 gK y xBopux Ha XI'H, HC, tak iy pa3i ftoro HIT
¢GOopM THX CaMUX aHTUTEHIB, Ki MOXHa BBaXaTH Ipo-
TeKTopaMmu 3axBoproBaHHs — B12 i B16 (PCI'C, MH).

BusiBieHi 0coOJIMBOCTI aHTUTEHIB TOJOBHOIO
KOMIIJIEKCY TiCTOCYMiCHOCTI, XapaKTepHUX IJIsI XBO-
pux gk Ha XT'H, HC, rak i itoro HIT opMm Ta, B TOMYy
YUCJTi 3aJIEXXHO Big Mopdosoriunoro giarnosy (OPCI'C,
MH i XM3), MaTb BaXJIMBE NiarHOCTUYHE Ta MPO-
THOCTUYHE 3Ha4YeHHs. 3BepTa€ yBary ITiIBUIIEHA Yac-
ToTa 3ycTpidaemocti Tux HLA, 110 HecyTh BUCOKMIA
BiIHOCHMI1 pU3UK MPOTPEeCyYBaHHSI XPOHIYHOI XBOPOOU
HUpoK (XXH) — 1) po3BUTKY XpOHIYHOI HUPKOBOI HEe-
npocratHocti (XHH) [14] — A30, B41 ipu ®CI'C, A10
(+aTpubytuBHUl pusuk) npu MI'H i B41 npu XM3; a
TaKoX 2) ropMoHpesucTteHTHOCTI [15] — A19+31+32
npu ®CI'C, B8 y pazsi MH ta XM3. HasgBHicTh 1ux
aHTUTEHIB Yy TAlli€HTIB 3 BigmoBigHUMU GopmaMu
XI'H, HC MoxHa BBaXkaTl 10JAaTKOBUMHM IIPOTHO30-
HETaTUBHUMU (DaKTOpaMH.

3BepTae yBary Toit ¢akT, mo B27 6yB gocToBip-
HO TIBUILIEHUN TiABKM Y XBOPUX 3 TIpoJiipepaTUB-
Humu popmamu 'H, Toxi K >xoaHa 3 mpoaHanizoBa-
Hux Hamu HIT ¢popm He mMaja acouiaTUBHUX 3B»$SI3KiB
3 LIUM aHTUT€HOM, SIKUI CYNTPOBOIXYE BCi BiOMi Ha
CBHOTOMHI TaTOJIOTil TaK 3BAaHOTO «KOJIa 3aXBOPIOBaHb
HLA-B27» i yacTo BuU3HA4Ya€Tbcs TPU ayTOIMyHHUX
xBopobax — xBopoba bexrtepeBa, xBopoba Peiitepa
(60-80% 3ycrpivaemocri) [16, 17].

Ha manwuii yac 6e3repeyHuM € 3HaYEHHS LIUTOKi-
HOBOI JIaHKi B TeHe3i iMyHoO3aIaJlbHUX 3aXBOPIOBaHb
HUPOK, 0 TOTO K, HUPKU MatoTh 0ist 30% Beiel eHpo-
TemiaJbHOI BUCTIJIKM CYAWH OpraHi3my (rioMepyssp-
Hi Kaminsgpu), 1e poOouTh iX 3aJeXHUMU Bil (PyHK-
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L[iOHAJIbHOTO CTaHy EeHAOTeNil0, AUCPYHKIIS SKOTO
CTIpusie pO3BUTKOBI Ta mporpecysanHio XI'H [10, 11].
B3aemonist JIeKOUMTIB Ta €HOOTENil0 BinOYBa€ThCS
TMOCTIAHO Yepe3 chelialibHi aare3uBHi MOJEKYIU -
E-cenexktrHu Ha noBepxHi eHgoTeniouutis, [CAM-1 i
VCAM-1 9K MiIXKJIITUHHI Ta CYIUHHI MOJIEKYJIU aare-
3ii. VEGF innykye nposnidepalito KJIiTUH eHAOTENil0,
MOX€ COpUSTUA Mirpauii Mmakpodaris Ta, BiAlOBiAHO,
BIUIMBAaTM HA pPiBeHb BiAMOBIAHUX LUTOKIiHIB in situ
[18-20].

Mg xsopux Ha HIT popmu XI'H, HC, npoaHani-
30BaHUX HAMM, 3 MO3UTUBHOIO JMHAMIKOIO B IIpoLeCi
Teparii acolliiilOBaHO 3HUXKEHHSI CUPOBATKOBUX PiBHIB
TNF-a, MCP-1 i VEGF; Bucoxi ¢onosi piai VEGF
npu MTH (> 300 nikr/mn) ta Hu3bKi 1L-4 ipu ®CI'C
(< 40 nKr/miT) MOXYTb BUCTYIIATH K JOJATKOBI MpoO-
THO30HETaTUBHI MapKepu MOJaJbIIOoi BilMOBii Ha Te-
pamio 3 pO3BUTKOM TOPITiIHOTO TMepeodiry.

BucnoBku. Bussieni HLA-anturenu, mo aco-
LIOIOTBCS 3 PO3BUTKOM TEBHUX HEMpPOJihepaTUBHUX
dopm XT'H, a Takoxx 0COOIMBOCTI HUTOKIHOBOI JJAHKHU
imynitety y pa3zi ®CI'C, MH ta XM3, B Tomy uucii
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Abstract. At present, there have been no reports on the dose-dependent effects of
continuous erythropoietin receptor activator (CERA) therapy on oxidative stress and red
blood cell membrane lipid peroxidation parameters in hemodialysis (HD) patients.

The aim of our work was to evaluate whether the dose of CERA treatment affected lipid
peroxidation and antioxidant system in HD patients.

Methods. 38 HD patients were included in this single-center cross-sectional observational
study. The study protocol was approved by a local Ethics Committee and all patients
provided signed informed consent. The patients were stratified into quartiles (<25% and
>75%) according to the average dose of continuous erythropoietin receptor activator
(CERA) and grouped in the following way: Group I (> 6 months of CERA treatment in
a low dosage < 50 ug/month, n = 20) and Group II (> 6 months of CERA treatment in
a high dosage > 125 ug/month, n = 18). Along with the standard diagnostic methods,
we defined the content of malondialdehyde levels in the serum (MDAs) and erythrocytes
(MDAe) spectrophotometrically as an indicator of lipid peroxidation. Such parameters
as the concentration of ceruloplasmin (CP) and transferrin (TR) in the blood and total
peroxidase activity (TPA) in erythrocyte were studied as the indicators of antioxidant system.
In addition, we calculated the percentage of hemolysis, the RBC membrane permeability
and oxidation coefficient.

Results. We obtained heterogeneous results in assessing oxidative stress parameters. The
significantly higher levels of CP (p = 0.007) and TR (p = 0.0003) were found in the patients
treated with a high dosage CERA. TPA activity in erythrocyte in the patients of Group
11 was statistically higher compared to Group I (p = 0.02). Moreover, we determined a
statistically high percentage of hemolysis (p = 0.03) and RBC membrane permeability (p <
0.0001) in the patients who were treated with CERA in a dose > 125 ug/month compared to
other patients. Using the probit regression model, we established the dose-dependent effect
of CERA on the level of RBC membranes permeability: y2 = 21; p =< 0.0001.
Conclusions. We demonstrated that administration of CERA in a dose more 125 ug/month
improved the antioxidant status in HD patients. But, at the same time, it increased the
hemolysis and RBC membranes permeability. Our preliminary data pointing to the dose-
dependent effect of CERA on the RBC membrane lipid peroxidation parameters require
further confirmation.

Key words: hemodialysis patients,continuous erythropoietin receptor activator,
oxidative stress.

Conflict of interest statement: all the authors declared no competing interests.
© N. Stepanova, L. Korol, V. Novakivskyy, M. Kolesnyk, 2018.

Correspondence should be addressed to Natalia Stepanova: nmstep@ukr.net

(2D ev-sn |

18 OpUriHOABHI HOYKOBI POBOTU YKPAIHCBbKMIN XYPHOA HEPROAOTIT TO Aiaaizy N23 (59) 2018


https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
http://inephrology.kiev.ua/
https://ukrjnd.com.ua/
https://orcid.org/0000-0002-1070-3602
http://orcid.org/0000-0002-5484-0326
https://orcid.org/0000-0001-6658-3729
https://doi.org/10.31450/ukrjnd.3(59).2018.03
http://inephrology.kiev.ua
http://inephrology.kiev.ua

Ukrainian Journal of Nephrology and Dialysis, 3 (59)’2018 Original Papers

© CrenanoBa H.M., Kopons JI.B., HoBakiBcekuii B.B., Konecunnk M.O., 2018
VIK: 616.61-085.38-073.27:577.152.1

H. Crenanosa', JI. Kopousn!, B. HoBakiBchkuii?, M. KojecHuk!

B3aeM03B’ 430K MiK 103010 TPUBAJIOT0 AKTUBATOPA PElIENTOPIiB ePUTPONOETHHY
Ta OKCUIATUBHUM CTPECOM Y XBOPHX, SKi JIKYIOTbCS METOJAOM reMOoIiajizy
MY «Iacturyr Hedposorii HAMH Vkpainn», m. Kuis

*Memnunuii nentp TOB «®peseniyc Meaukan Kep Ykpaina» y M. Uepkacu

Pe3tome. Haykosi oani wjo0o 00303a1eX4CHO20 6NAUEY MPUBAN020 AKMUBAMOPA PEUENMOpIe epumponoemuHy
(TAPE) na nokasHuKu oKcuoamueHo20 cmpecy ma nepeKucHoeo OKUCAeHHs Ainidie MemOpan epumpoyumis y Xeopux Ha
XpoHiuHy X80po0y Hupok V, axi aikyiomocs eemodianizom (I]), € obmencenumu.

Memoio nawoi pobomu 6ya0 ouiHumu 83aemM036’930K Mixc 3acmocosaror 00300 TAPE ma inmencusnicmio
oxcudamusnux npoyecie y I'/l nauienmis.

Mamepian ma memoou. 38 I'll nauienmie 6yau exaioueni 00 00HOMOMEHMHO20 06CePEayiiiHO20 00CAIONCeHHS.
IIpomokon docaioxcenus 6yé cxeaneruil 10KanbHor emuyroro Komiciero Y «Incmumym negponoeii HAMH Ykpainu».
Yei nayienmu Hadaau nucemy inghopmosany 3200y Ha yuacms y docaioxnceni. Ilayienmu 6yau cmpamugikosani 3a Keap-
munamu (< 25% ma > 75%) 6ionosiono 0o cepednvoi 0osu TAPE i poznodineni nacmynuum uunom: I epyny ckaanu xeopi,
saxi ompumyeanu TAPE 6invwe 6 micayie y 003i < 50 mxe/mic (n = 20), do Il epynu ysitiwau xeopi, y saxux doza TAPE
ckaana > 125 mxe/mic (n = 18). Ilopso i3 cmandapmuumu 0iaeHOCMUMHUMU Memooamu 00CAIONCYSANU KOHUEHMPa-
uiro manonogoeo dianvdeeidy y cuposamui (MIA) it epumpouumax (MI[Ae), éemicm y kposi uepyaonaasminy (L) ma
mpancgepuny (TP). Kpim moeo, euznauaiu 3a2anvHy nepoxkcudasny akmuesricms (311A) y epumpoyumax, npoHukHicmo
epumpoyumaprux memopan (IIEM), niopaxyeanu 8iocomok eemonizy.

Pesyaomamu. YV Il nauicumis, sxi aikysasuco TAPE'y 0o3i > 125 mie/mic 6usHaueHo niosuweHHs KOHUEHMpauii
LP(p=0,007) ma TP (p = 0,0003), modi six 3I1A bysa cmamucmuuro 3ua4yue 3nudiceroro nopiensno 3 11 epynoro (p =
0,02). Kpim moeo, Y nauienmis I epynu écmarnoséaeno suwuii giocomox eemonizy (p = 0,03) ma IIEM (p < 0,0001). Bu-
Kopucmogyiouu modeas npobim-peepecii, mu uznauuau 0o3o3anexciuii énaue TAPE na pieens ITEM: y? = 21; p < 0,0001.

Bucnoexu. Taxum uunom, sacmocysanns TAPE y 003i nonad 125 mxe Ha micaub NOKpauye aHmMuoKcuoaHmHull
cmamyc T/l xeopux, ane pazom 3 mum, nidsuuye 2emoniz epumpouumie ma IIEM. Ompumani namu dani nompebyromo
nodanvui02o niomeepolceHHs.

KimouoBi ciioBa: eemodianiz, mpusanuii akmusamop peyenmopie epumponoemuny, oKcu0amueHui cmpec.

Introduction. Oxidative stress (OS) is a constitu-
ent of the inflammatory mechanisms that contributes to
anemia in hemodialysis (HD) patients. The intensity of
OS is closely correlated with anemia and associated with
poor clinical outcomes [1]. One of the possible causes
of anemia association with oxidative stress is considered
red blood cell (RBC) membrane lipid peroxidation due
to chronic hemolysis in HD patients [2].

Nowadays, the prescribing of erythropoiesis-
stimulating agents (ESA) plays an indispensable role
in clinical practice for the treatment of anemia. Today,
regular supplements of intravenous iron and ESA are
standard therapies in the treatment of anemia in HD
patients [3, 4].

There are a lot of current studies devoted to the
effects of ESA on oxidative status in HD patients [5-
9]. But, the results of these studies are contradictory.

Natalia Stepanova
nmstep@ukr.net

Several clinical reports have demonstrated the positive
impact of ESA on OS status in HD patients [7, 8] while
other scientists have found no antioxidant effects of
ESA 9, 10].

Continuous erythropoietin receptor activator
(CERA) is a newer, longer acting ESA based on its low-
er frequency of administration [11]. However, at the
present time, there have been no reports on the dose-
dependent effects of CERA therapy on oxidative stress
and red blood cell membrane lipid peroxidation param-
eters in HD patients.

Objectives. Therefore, the aim of our work was to
evaluate whether the dose of CERA treatment affected
lipid peroxidation and antioxidant system in HD pa-
tients.

Materials and methods. Study Design and Sub-
jects. 38 HD patients were included in this single-cen-
ter cross-sectional observational study which was con-
ducted at State Institution «Institute of Nephrology of
the National Academy of Medical Sciences» in Kyiv,
Ukraine. The study protocol was approved by a local
Ethics Committee and all patients provided signed in-
formed consent.

The enrolment criteria were: patients aged >18 years
who were at least six months on HD treatment, with a
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stable clinical condition and normally functioning arte-
riovenous fistula. We excluded the patients with eryth-
ropoietin-resistant anemia, systemic disease, diabetes
mellitus, malignancy, acute inflammation processes, im-
munosuppressive treatment and active hepatitis.

The patients were stratified into quartiles (<25%
and >75%) according to the average dose of CERA and
grouped in the following way: Group I (> 6 months of
CERA treatment in a low dosage< 50pug/month, n = 20)
and Group II (> 6 months of CERA treatment in a high
dosage > 125 pg/month, n = 18).

Dialysis prescription. All patients were routinely di-
alyzed three times a week, 4 h per session with bicarbon-
ate based dialysate, volumetric ultrafiltration control,
single use synthetic (polysulphone) dialyzers and hepa-
rin as a standard anticoagulant. Dialysis prescription was
guided by a goal of achieving a value of Kt/V>1.2.

Anemia treatment. Treatment of anemia was car-
ried out in accordance with the clinical protocol of
medical care “Treatment of patients with chronic
kidney disease stage V with anemia” approved by the
Ministry of Health of Ukraine [12]. Erythropoietin was
prescribed via a standardized algorithm. All of the 38
HD patients received subcutaneous CERA (methoxy
polyethylene glycol-epoetin beta) and intravenous iron
replacement therapy. The dose of CERA was adjusted
to maintain the individual patient’s Hb within a range
of £10 g/L of the reference hemoglobin (Hb) concen-
tration to achieve a hemoglobin value of 110-120 g/1.
The iron dose was adjusted to reach ferritin and transfer
saturation (TSAT) levels of 300-400 ng/ml and 30-40%,
respectively. 100 mg of iron sucrose was administered in
a dilution with 100 ml saline as 30 minute intravenous
infusion at the end of HD session. Iron supplementa-
tion was temporarily discontinued in the patients with
serum ferritin >800 ng/mL or TSAT>50% until serum
ferritin decreased to <800 ng/mL and TSAT to <50%
[12].

Methods. All measurements were performed af-
ter an overnight fast between 7.00—9.00 a.m. during
a midweek non-dialysis day. The blood samples were
processed immediately after sampling. Along with the
standard diagnostic methods, we defined the content
of malondialdehyde levels in the serum (MDAs) and
erythrocytes (MDAe) spectrophotometrically as an in-
dicator of lipid peroxidation. Such parameters as the
concentration of ceruloplasmin (CP) and transferrin
(TR) in the blood and total peroxidase activity (TPA)
in erythrocyte were studied as the indicators of antioxi-
dant system. In addition, we calculated the percentage
of hemolysis AND the RBC membrane permeability.

Preparation of red blood cells: red cell suspensions
for blood were taken with an anticoagulant (heparin)
and centrifuged for 10 minutes at 3000 g. Red cell mass
was washed three times with isotonic sodium chloride
and centrifuged for 10 minutes at 3000 g. Here is the list
of the reagents used in this study: 2,4-dinitrophenyl-
hydrazine, 1,2-phenylenediaminedihydrochloride, In-
digo Carmine, (Sigma-Aldrich, USA), transferrin (Flu-
ka), urea, sodium fluoride, sodium acetic, ammonium

iron(III) citrate, potassium iodide, tris, trichloroacetic
and thiobarbituric acid (Merck, Germany).

In order to estimate MDA, we used serum and red
cell suspensions for blood which was drawn using vials
containing of 3.8% sodium citrate and centrifuged for
10 minutes at 3000 g [13].

TPA concentration in erythrocyte: the reaction
mixture contained 0.5 mL hemolysate of erythrocyte
hemolysate (1:1000) sample, 1 mL of 0.2 M acetic buf-
fer solution (pH 4.9), ImL 1ml 0.05 mM solution of
Indigo Carmine solution. After 5 minutes incubation
at 30 C, it was added 0.5 ml 0.03 M solution hydrogen
peroxide to the samples. The control samples were add-
ed 0.5 ml of distilled water. The reaction was stopped 2
min after the addition of 3 ml of 20% sulfuric acid. The
absorbance was measured at 670 nm.

For the purpose of studying CP and TR, it was used
2.5 mL of whole blood which was taken from a vein and
centrifuged at 2500 r.p.m. for 5 minutes. CP concentra-
tion: the reaction mixture contained 0.05 mL sample, 4
mL of 0.4M acetic buffer solution (5.5) and 0.5 mL of
0.5% aqueous solution of 1.2 phenylenediamine dihy-
drochloride. After 1h incubation at 37 C, it was added
1 mL 3% aqueous solution of sodium fluoride, and, ab-
sorbance was measured at 530 nm.

TR concentration: the reaction mixture contained
0.1 mL sample, 1 mL of 0.2% solution of ammonium
iron (IIT) citrate (5.5-5.8). After 30 minutes incubation
at room temperature, absorbance was measured at 440
nm. As a standard, a TR solution was used [13].

The rate of hemolysis was calculated based on the
measurement of Hb released from the cells relatively to
the total amount of Hb in the RBC suspension. Free Hb
concentration was determined by cyanmethemoglobin
method using Drabkin’s reagent. The percentage of he-
molysis was calculated using the formula described by
K. Janatpour et al [14]. A supernatant volume was cal-
culated from Ht.

Determination of RBC membrane permeability
(%) was performed by the method, which is based on
the detection of differences in the osmotic stability of
erythrocytes in a mixture with different concentrations
of isotonic solutions of sodium chloride and urea [15].

Statistical analysis. Analysis and all graphs were
performed using MedCalc (Belgium). The average
means (M) and standard deviations (SD) or the median
(Me) and interquartile ranges [Q25 - Q75] were calcu-
lated according to a normal distribution. For the statis-
tical analysis, we used the Student’s t-test and nonpara-
metric (U-test) Mann-Whitney. Categorical variables
were expressed as proportions, and, chi-square tests
were used for the comparison of 2 Groups.

The dose dependence assessment was performed
using the probit regression model. Odds ratios (OR) and
95% confidence intervals (CI) were calculated using lo-
gistic regression. Correlation analysis was performed
using the Spearman non-parametric criterion (r).

Results. The demographic, biochemical and clini-
cal characteristics of the HD patients both with and
without CERA treatment are presented in Table 1.
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Table 1
Demographic and clinical characteristics of the HD patients
Parameter ((I}lr:ugol) ((}I:(:II; SI)I p
Gender (m/f, %) 60/40 44/56 0.71
Age, years 526 t4.4 55.1 3.3 0.07
Duration of HD (months) 46.8 £ 14.3 52.8 £16.2 0.23
Kt/V 1.31 £0.3 1.36 £ 0.8 0.8
Hb (g/L) 109.4 + 6,8 1122+ 3,4 0.12
TSAT (%) 45.6 £ 15.5 52.4£12.02 0.17
Ferritin (ng/mL) 695 [402-725] 723 [425-806] 0,76
CERA dose (pug/month) 50 [25-75] 125 [100-150] 0.0001
iPTH (pg/ml) 527.4 [380-750] 593.4 [390-810] 0.8
Albumins (g/L) 36.1 £ 3.8 37.8 £3.1 0.14
P (umol/L) 1.82 0.7 22+ 1.1 0.2
Ca (pmol/L) 221+£0.3 2.11£0,7 0.56
CRP (mg/L) 6.8+29 6.1 +£4.01 0.54

Data are presented as mean =+ standard deviation, or median [25th—75th percentile], or proportions; Ca: calcium,;
CERA: continuous erythropoietin receptor activator; CRP: C-reactive protein; iPTH: intact parathyroid hormone; Hb:
hemoglobin; P: phosphate; TSAT: transferrin saturation.

Accordingly, the data given in Table 1 represent-
ed the evidence that CERA therapy with different
dosages showed non-significant difference in most of
measured demographic and clinical parameters.

In assessing oxidative stress parameters, we ob-
tained heterogeneous results. The evaluated parameters
in the study groups are shown in Table 2.

Table 2
Oxidative stress parameters in the HD patients depending on the monthly overage dose of CERA
Parameter ((flr:ugol) ((?:(:II; SI)I p
MDAs, , ummol/L 476 [411-565] 540 [437-604] 0.06
MDAe, , pmmol/L 604 [411-772] 617 [450-639] 0.27
CP, g/L 0.1310.11-0.17] 0.15[0.16-0.2] 0.007
TR, g/L 2.3[1.9-2.2] 2.7 [2.4-2.9] 0.0003
TPA, pmol/min/g Hb 196 [175-216] 204 [179-261] 0.02
Hemolysis (%) 4.79 + 3.05 7.07+£4.3 0.03
RBC membrane permeability (%) 9[4-13] 21.6 [16.6-28] <0.0001

Data are presented as mean * standard deviation or median [25th—75th percentile] or proportions; CP: ceruloplasmin;
MDAs: serum malondialdehyde; MDAe: erythrocytes malondialdehyde; RBC: red blood cells; TR: transferring; TPA:

total peroxidase activity.

The data displayed in Table 2 demonstrated the sig-
nificantly higher levels of CP (p = 0.007) and TR (p =
0.0003) in the patients on high CERA dosage treatment.
TPA activity in erythrocyte of Group II patients was sta-
tistically higher compared to Group I (p = 0.02).

But, the results of our study indicated not only the
positive antioxidant effects of high doses of CERA in

the HD patients. We determined a statistically high per-
centage of hemolysis (p = 0.03) and RBC membrane
permeability (p < 0.0001) in the patients who were
treated with CERA in a dose > 125 pg/month compared
to other patients.

A direct correlation was observed between the rate
of hemolysis and TSAT (r = 0.43, p = 0.008; Fig. 1).

YKPOTHCBKUI XKYPHOA HEPPOAOTIT T AlaAidy N23 (59) 2018

OpUriHOABHI HOYKOBI POBOTU 21



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 3 (59)°2018

14|
12+ °

;\?10—

n

- 8

>

o 6

£

£ 4 o °
2t .
0h ..I 1 . L : L

0 20 40 60 80 100 120

Transferrin saturation (%)

Fig. 1. The correlation between the rate of hemolysis and the
serum transferrin saturation level in the HD patients.

Moreover, the level of TPA had a significant nega-
tive correlation with the RBC membrane permeability
(r=-0.4;p=0.01; Fig. 2)..
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Fig. 2.The correlation between the TPA level and the RBC
membrane permeability in the HD patients.

Using the probit regression model, we established
the dose-dependent effect of CERA on the level of RBC
membranes permeability: x> = 21; p =< 0.0001 (Fig. 3).
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Fig.3. Dose-response plot of a CERA dosage and RBC
membrane permeability in the HD patients.

That is, the higher a CERA dosage was applied
to achieve the target Hb level in the HD patients, the
higher RBC membrane permeability was observed: OR
=17.9, (95% CI1 3.03 to 106).

Discussion. There are numerous evidence suggest-
ing excessive oxidative stress in HD patients which can
result from loss of antioxidants during dialysis proce-
dures and accumulation of oxidative products [1, 16-
18]. Focusing on the association between oxidative
stress and anemia, it can be noted that increasing oxida-
tive stress is frequently declared in HD patients who fail
to respond to ESA administration [16, 19]. In accor-
dance with these data, we confirmed this position in our
study: a tendency of increasing serum MDA level was
found in the patients requiring a higher dose of CERA.

Moreover, previous evidence has shown that ESA
therapy has an antioxidant effects in HD patients [1, 7,
8, 20, 21]. In this study, we also showed and proved the
positive association between antioxidant parametrs and
a CERA dosage. CP, TR and TPA blood concentration
were significantly higher in the HD patients who were
treated with a CERA dose > 125 pg/month.

It is well known that the oxidative stress promotes
ESA resistance by causing lipid peroxidation of RBC
membranes [22]. Erythrocytes are particularly prone to
the action of free radicals because they are a potential
source of reactive oxygen species. In addition, in order
to prevent peroxidation reactions, the oxidative stress
depletes the protective mechanisms of RBC [23]. Based
on these facts, we found it interesting to compare RBC
membrane lipid peroxidation parameters in the HD pa-
tients depending on a CERA dose. To our knowledge,
studies on the dose-dependent effect of CERA on RBC
membrane lipid peroxidation parameters in HD pa-
tients are few. It should be noted that our study is not
the first to observe the impact of ESA on erythrocyte’s
oxidative status. But, actually, we are the first to dem-
onstrate a significantly negative effect of a higher CERA
dose on RBC membrane lipid peroxidation parameters.

The main finding of the present study was the
strong association of a higher CERA dose (> 125 pg/
month) in the HD patients with the increasing level
of RBC hemolysis and membrane permeability levels.
As the patient groups with different CERA doses had
similar demographic and clinical characteristics in our
study, the differences encountered between them with
respect to hemolysis and RBC membrane permeability
levels could not be attributed to varying degrees of ane-
mia, treatment duration, dialysis quality or inflamma-
tion.

In point of fact, there is no current consensus as
to the impact of ESA in general and CERA specifically
on the intensity of oxidative stress and RBC membrane
lipid peroxidation parameters in HD patients. The re-
sults we obtained are contrary to the most of existing
data. Thus, in a recent experimental study, Aizawa K et
al has demonstrated that the intravenous administering
of the adequate CERA dose (0.6 pg/kg every 2 weeks
during 5 weeks) improves erythrocyte quality (deform-
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ability and life-span) in rats [24]. Zorica M. Dimitri-
jevic with her colleagues has suggested that long term
of ESA administration attenuates the lipid peroxidation
process and restores the levels of antioxidants [8]. In an
earlier study, Galluci M at al has indicated that the ESA
therapy is related to a decrease in RBC membrane oxi-
dative damage [25].

On the other hand, Pawlak at al has showed no ef-
fect of one-year ESA therapy on oxidative stress mark-
ers in patients undergoing regular HD [9]. Moreover, E.
Tutal at al has indicated a significantly higher intensity
of oxidative stress in HD patients requiring high doses of
EPO. The patients with poor ESA responses had a sig-
nificantly higher level of MDA and lower levels of plasma
superoxide dismutase [26].The authors have concluded
that increased oxidative stress has a strong influence on
ESA response in HD patients, and, therefore, it can also
be a potential explanation of the data we received.

Thus, according to our findings, we observed that
the patients with higher CERA requirements showed a
higher antioxidant status simultaneously with higher per-
cents of hemolysis and RBC membrane permeability.

We acknowledged some limitations in our study.
First, in this study, the oxidative stress markers were
measured just a once. In this way, cross-sectional de-
sign of our study could not provide definite informa-
tion about cause-effect relationship between CERA
treatment and oxidative stress. Second, it was a small
sample size study performed in a single center; there-
fore, our findings only revealed associations. Third, we

References:

did not take into account the iron dose which could also
affect the results. Finally, there was a high probability
of changes in the intensity of oxidative processes in the
HD patients with a high level of the comorbidity index.

Despite its limitations, the strong association ob-
served in the present study has indicated the potential
impact of a monthly CERA dose > 125 pg in the vio-
lating of RBC membrane lipid peroxidation. The larger
scale well-planned studies are needed for further con-
firmation of our findings.

Conclusions. In conclusion, we demonstrated that
administration of CERA in a dose more 125 pg/month
improved the antioxidant status in HD patients. But,
at the same time, it increased the hemolysis and RBC
membrane permeability. Our preliminary data point-
ing to the dose-dependent effect of CERA on the RBC
membrane lipid peroxidation parameters require fur-
ther confirmation.

Disclosure Statement. The authors declare no
conflict of interest.

Authors’ contributions.

N. Stepanova: analyzed and interpreted the patient
data, a major contributor in writing the manuscript.

L. Korol: performed the biochemical examination
in the blood samples, analyzed and interpreted the pa-
tient data.

V. Novakivskyy: interpreted the data.

M. Kolesnyk: idea and management of the re-
search.

1. Liakopoulos 'V, Roumeliotis S, Gorny X,
Dounousi E, Mertens PR. Oxidative Stress in
Hemodialysis Patients: A Review of the Literature.
Oxidative Medicine and Cellular Longevity.
2017;2017:3081856. doi:10.1155/2017/3081856.

2. Tharmaraj D, Kerr PG. Haemolysis in haemodi-
alysis. Nephrology. 2017;22: 838-847. doi:10.1111/
nep.13119

3. KDIGO Clinical practice guideline for Anaemia
in chronic kidney disease. Kidney Int Suppl.
2012;2:279-335. doi:10.1038/kisup.2012.37

4. Mikhail A, Brown C, Williams JA, et al. Renal as-
sociation clinical practice guideline on Anaemia
of Chronic Kidney Disease. BMC Nephrology.
2017;18:345. doi:10.1186/s12882-017-0688-1.

5. Khalil SKM, Amer HA, Behairy AM, Warda M.
Oxidative stress during erythropoietin hypore-
sponsiveness anemia at end stage renal disease:
Molecular and biochemical studies. Journal
of Advanced Research. 2016;7(3):348-358.
doi:10.1016/j.jare.2016.02.004.

6. Fassett RG, Driver R, Healy H, et al. Comparison
of markers of oxidative stress, inflammation and
arterial stiffness between incident hemodialysis and

peritoneal dialysis patients — an observational study.
BMC Nephrology. 2009;10:8. doi:10.1186/1471-
2369-10-8.

7. Siems W., Carluccio F., Radenkovic S., Grune T.,
Hampl H. Oxidative stress in renal anemia of hemo-
dialysis patients is mitigated by epoetin treatment.
Kidney & Blood Pressure Research. 2005;28(5-
6):295—301. doi: 10.1159/000090184.

8. Dimitrijevic ZM, Cvetkovic TP, Djordjevic VM, et
al. How the Duration Period of Erythropoietin
Treatment Influences the Oxidative Status of
Hemodialysis Patients. International Journal of
Medical Sciences. 2012;9(9):808-815. doi:10.7150/
ijms.4910.

9. Pawlak KI, Pawlak D, Mysliwiec M. Long-term
erythropoietin therapy does not affect endothe-
lial markers, coagulation activation and oxida-
tive stress in haemodialyzed patients. Thromb
Res.  2007;120(6):797-803.  doi: 10.1016/j.
thromres.2007.02.004

Mircescu G1, Capusa C, Stoian I, Maracine M,
Muscurel C, Gdrneata L, Barbulescu C. Influence
of epoietinum therapy on the oxidative stress

in haemodialysis patients. Nephron Clin Pract.
2005;100(4):126-32. doi: 10.1159/000085441

10.

YKPOTHCBKUI XKYPHOA HEPPOAOTIT T AlaAidy N23 (59) 2018

OpUriHOABHI HOYKOBI POBOTU 23


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5613374/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5613374/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5613374/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5613374/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5613374/
https://onlinelibrary.wiley.com/doi/full/10.1111/nep.13119
https://onlinelibrary.wiley.com/doi/full/10.1111/nep.13119
https://onlinelibrary.wiley.com/doi/full/10.1111/nep.13119
https://doi.org/10.1038/kisup.2012.37
https://doi.org/10.1038/kisup.2012.37
https://doi.org/10.1038/kisup.2012.37
https://doi.org/10.1038/kisup.2012.37
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5709852/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5709852/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5709852/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5709852/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856826/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856826/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856826/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856826/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856826/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856826/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666726/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666726/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666726/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666726/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666726/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666726/
https://www.karger.com/Article/Abstract/90184
https://www.karger.com/Article/Abstract/90184
https://www.karger.com/Article/Abstract/90184
https://www.karger.com/Article/Abstract/90184
https://www.karger.com/Article/Abstract/90184
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491441/#B11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491441/#B11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491441/#B11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491441/#B11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491441/#B11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491441/#B11
https://www.ncbi.nlm.nih.gov/pubmed/17384500
https://www.ncbi.nlm.nih.gov/pubmed/17384500
https://www.ncbi.nlm.nih.gov/pubmed/17384500
https://www.ncbi.nlm.nih.gov/pubmed/17384500
https://www.ncbi.nlm.nih.gov/pubmed/17384500
https://www.ncbi.nlm.nih.gov/pubmed/17384500
https://www.ncbi.nlm.nih.gov/pubmed/15860924
https://www.ncbi.nlm.nih.gov/pubmed/15860924
https://www.ncbi.nlm.nih.gov/pubmed/15860924
https://www.ncbi.nlm.nih.gov/pubmed/15860924
https://www.ncbi.nlm.nih.gov/pubmed/15860924

Original Papers

Ukrainian Journal of Nephrology and Dialysis, 3 (59)’2018

I1.

12.

13.

14.

15.

16.

17.

18.

Saglimbene VM1, Palmer SC, Ruospo M, Natale P,
Craig JC, Strippoli GF. Continuous erythropoiesis
receptoractivator (CERA) forthe anaemia of chron-
ic kidney disease. Cochrane Database Syst Rev.
2017 Aug 7;8:CD009904. doi: 10.1002/14651858.
CD009904.pub?2.

Likuvannia khvorykh na z khronichnu khvorobu
nyrok V HD stadii. Adaptovana klinichna nastano-
va, zasnovana na dokazakh ta unifikovani klinichni
protokoly. — K. : «Polihraf plius», 2016. — 228 s.

Korol LV, Mygal LYa, Stepanova NM. Intensity of
oxidative stress and activity of angiotensin convert-
ing enzyme in blood of patients with uncomplicated
pyelonephritis. Ukr.Biochem.J. 2017;89(2):99-
105. doi: 10.15407/ubj89.02.099

Janatpour K, Denning L, Nelson K, et al. Comparison
of X-ray vs. gamma irradiation of CPDA-1 red cells.
Vox Sang. 2005;89:215-219. doi: 10.1111/j.1423-
0410.2005.00699.

Kamyishnikov VS. Spravochnik po klinicheskoy
laboratornoy diagnostike: V 2t. Minsk: Belarus;
2002. 463 s.

Bartnicki P, Fija kowski P, Majczyk M, B aszczyk J,
Banach M, Rysz J. Effect of methoxy polyethylene
glycol-epoetin beta on oxidative stress in predialy-
sis patients with chronic kidney disease. Medical
Science Monitor : International Medical Journal of
Experimental and Clinical Research. 2013;19:954-
959. doi:10.12659/MSM.884024.

Sosa M, Balk ME, Lau J, Liangos O, Balakrishnan
VS, Madias NE, Pereira BJG, Jaber BL. A system-
atic review of the effect of the Excebrane dialyser
on biomarkers of lipid peroxidation. Nephrology
Dialysis Transplantation. 2006; 21(10):2825—2833.
https://doi.org/10.1093/ndt/gf1376

Miiller C, Eisenbrand G, Gradinger M, Rath T,
Albert FW, Vienken J, Singh R, Farmer PB, StockisJ-P,
Janzowski C. Effects of hemodialysis, dialyser type
and iron infusion on oxidative stress in uremic pa-
tients, free radical research. 2004; 38(10):1093-1100,
doi: 10.1080/10715760400011452

19.

20.

21.

22.

23.

24.

25.

26.

Tonon J, Guarnier FA, Cecchini AL, Cecchini R.
Anemia associated with extraerythrocytic oxidative
stress damage mediated by neutrophil superoxide
anion production in chronic renal failure patients
undergoing hemodialysis. Pathophysiology. 2012;
19(4):261-8. doi: 10.1016/j.pathophys.2012.07.006.

Katavetin  PI, Tungsanga K, FEiam-Ong S,
Nangaku M. Antioxidative effects of erythropoietin.
Kidney Int Suppl. 2007;(107):10-5. doi: 10.1038/
sj.ki.5002482.

Ahmadiasl N, Banaei S, Alihemmati A. Combination
Antioxidant  Effect of Erythropoietin and
Melatonin on Renal Ischemia-Reperfusion Injury
in Rats. Iranian Journal of Basic Medical Sciences.
2013;16(12):1209-1216. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC3933796/

Bamgbola OF. Pattern of resistance to erythro-
poietin-stimulating agents in chronic kidney dis-
ease. Kidney International. 201;80(5):64-474.
doi:10.1038/ki.2011.179

Mohanty JG, Nagababu E, Rifkind JM. Red blood
cell oxidative stress impairs oxygen delivery and in-
duces red blood cell aging. Frontiers in Physiology.
2014;5:84. doi:10.3389/fphys.2014.00084.

Aizawa K, Kawasaki R, Tashiro Y, Shimonaka Y,
Hirata M. Epoectin beta pegol for treatment of ane-
mia ameliorates deterioration of erythrocyte qual-
ity associated with chronic kidney disease. BMC
Nephrology. 2018;19:19. doi:10.1186/s12882-018-
0818-4.

Gallucci MT, Lubrano R, Meloni C, Morosetti M,
Manca di Villahermosa S, Scoppi P, Palombo G,
Castello MA, Casciani CU. Red blood cell mem-
brane lipid peroxidation and resistance to eryth-
ropoietin therapy in hemodialysis patients. Clin
Nephrol. 1999;52(4):239-45.

Tutal E, Sezer S, Bilgic A, Aldemir D, Turkoglu S,
Demirel O, Ozdemir N, Haberal M. Influence of oxi-
dative stress and inflammation on rHuEPO require-
ments of hemodialysis patients with CRP values “in
normal range”. Transplant Proc. 2007;39(10):3035-
40. doi: 10.1016/j.transproceed.2007.06.090.

24

OpUriHOABHI HOYKOBI POBOTH

YKPAIHCBbKMIN XYPHOA HEPROAOTIT TO Aiaaizy N23 (59) 2018


https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009904.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009904.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009904.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009904.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009904.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009904.pub2/full
http://mtd.dec.gov.ua/images/dodatki/2016_89_Peryt_dializ_dorosli/2016_89_AKN_XXN.pdf
http://mtd.dec.gov.ua/images/dodatki/2016_89_Peryt_dializ_dorosli/2016_89_AKN_XXN.pdf
http://mtd.dec.gov.ua/images/dodatki/2016_89_Peryt_dializ_dorosli/2016_89_AKN_XXN.pdf
http://mtd.dec.gov.ua/images/dodatki/2016_89_Peryt_dializ_dorosli/2016_89_AKN_XXN.pdf
https://doi.org/10.15407/ubj89.02.099
https://doi.org/10.15407/ubj89.02.099
https://doi.org/10.15407/ubj89.02.099
https://doi.org/10.15407/ubj89.02.099
https://doi.org/10.15407/ubj89.02.099
https://www.ncbi.nlm.nih.gov/pubmed/16262754?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/16262754?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/16262754?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/16262754?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24201565
https://www.ncbi.nlm.nih.gov/pubmed/24201565
https://www.ncbi.nlm.nih.gov/pubmed/24201565
https://www.ncbi.nlm.nih.gov/pubmed/24201565
https://www.ncbi.nlm.nih.gov/pubmed/24201565
https://www.ncbi.nlm.nih.gov/pubmed/24201565
https://www.ncbi.nlm.nih.gov/pubmed/24201565
https://academic.oup.com/ndt/article/21/10/2825/1865806
https://academic.oup.com/ndt/article/21/10/2825/1865806
https://academic.oup.com/ndt/article/21/10/2825/1865806
https://academic.oup.com/ndt/article/21/10/2825/1865806
https://academic.oup.com/ndt/article/21/10/2825/1865806
https://academic.oup.com/ndt/article/21/10/2825/1865806
https://www.tandfonline.com/action/showCitFormats?doi=10.1080%2F10715760400011452
https://www.tandfonline.com/action/showCitFormats?doi=10.1080%2F10715760400011452
https://www.tandfonline.com/action/showCitFormats?doi=10.1080%2F10715760400011452
https://www.tandfonline.com/action/showCitFormats?doi=10.1080%2F10715760400011452
https://www.tandfonline.com/action/showCitFormats?doi=10.1080%2F10715760400011452
https://www.tandfonline.com/action/showCitFormats?doi=10.1080%2F10715760400011452
https://www.ncbi.nlm.nih.gov/pubmed/23043982
https://www.ncbi.nlm.nih.gov/pubmed/23043982
https://www.ncbi.nlm.nih.gov/pubmed/23043982
https://www.ncbi.nlm.nih.gov/pubmed/23043982
https://www.ncbi.nlm.nih.gov/pubmed/23043982
https://www.ncbi.nlm.nih.gov/pubmed/23043982
https://www.ncbi.nlm.nih.gov/pubmed/17943138/
https://www.ncbi.nlm.nih.gov/pubmed/17943138/
https://www.ncbi.nlm.nih.gov/pubmed/17943138/
https://www.ncbi.nlm.nih.gov/pubmed/17943138/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933796/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933796/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933796/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933796/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933796/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933796/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933796/
https://www.sciencedirect.com/science/article/pii/S0085253815550795
https://www.sciencedirect.com/science/article/pii/S0085253815550795
https://www.sciencedirect.com/science/article/pii/S0085253815550795
https://www.sciencedirect.com/science/article/pii/S0085253815550795
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3937982/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3937982/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3937982/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3937982/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5787256/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5787256/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5787256/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5787256/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5787256/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5787256/
https://www.ncbi.nlm.nih.gov/pubmed/10543326
https://www.ncbi.nlm.nih.gov/pubmed/10543326
https://www.ncbi.nlm.nih.gov/pubmed/10543326
https://www.ncbi.nlm.nih.gov/pubmed/10543326
https://www.ncbi.nlm.nih.gov/pubmed/10543326
https://www.ncbi.nlm.nih.gov/pubmed/10543326
https://www.ncbi.nlm.nih.gov/pubmed/18089316
https://www.ncbi.nlm.nih.gov/pubmed/18089316
https://www.ncbi.nlm.nih.gov/pubmed/18089316
https://www.ncbi.nlm.nih.gov/pubmed/18089316
https://www.ncbi.nlm.nih.gov/pubmed/18089316
https://www.ncbi.nlm.nih.gov/pubmed/18089316

Ukrainian Journal of Nephrology and Dialysis, 3 (59)’2018 Original Papers

salan
\é’b\“‘ JO(/,
S

\e\)

Ukrainian Journal of Nephrology and Dialysis
Scientific and Practical, Medical Journal

= 0 Founders:

3 \1 & - . .

'%, & + State Institution «Institute of Nephrology NAMS of Ukraine»

o,
/°gy and » National Kidney Foundation of Ukraine
ISSN 2304-0238;
eISSN 2616-7352 Journal homepage: https://ukrjnd.com.ua
Research Article 'Te.A. Burlaka, 21.V. Bagdasarova

doi: 10.31450/ukrjnd.2(58).2018.04

Apoptosis as a mechanism of the albumin-induced kidney damage
in childhood nephrotic syndrome

"National O.0. Bogomolets Medical University, Kyiv
2SI “Institute of Nephrology National Academy of Medical Sciences of
Ukraine”, Kyiv

Citation:

Article history:

Received 12 June 2018

Received in revised form
24 July 2018

Accepted 9 August 2018

Burlaka leA, Bagdasarova V. Apoptosis as a mechanism of the albumin-
induced kidney damage in childhood nephrotic syndrome. Ukr J Nephr Dial.
2018;3(59):25-30. doi: 10.31450/ukrjind.3(59).2018.04

Abstract. It was shown previously on in vivo studies that proteinuria-induced effects
play a crucial role in renal damage in chronic kidney disease (CKD). However, an
initial mechanism of irreversible kidney damage in pediatric diseases characterized by
chronic proteinuria, i.e. nephrotic syndrome, remains to be unclear.

The aim of our work was to study the initial mechanism of kidney cells apoptosis
development in nephrotic children.

Methods. An examination of renal biopsies of 53 patients (aged 10 to 15 years) with
nephrotic syndrome hospitalized in Pediatric Nephrology unit of the Children Clinical
Hospital Ne7 (Kyiv, Ukraine) done. In vitro studies of albumin toxicity performed on
rat proximal tubular cells in primary culture (RPTC).

Results. Our study showed that albumin overload in nephrotic children leads to high
levels of apoptosis. Its distribution and level varies regarding the level of focal segmental
glomerulosclerosis (FSGS). The progression of sclerosis as a sign of irreversible kidney
damage is accompanied by gradual increase in expression of proapoptotic factor Bax.

In vitro studies on rat proximal tubular cells in primary culture (RPTC) showed that
excessive albumin uptake into rat primary renal cells causes an almost immediate
mitochondrial accumulation of the apoptotic factor Bax. We hypothesize that this might
be initial pathway leading to kidney cells apoptosis in childhood nephrotic syndrome.

Conclusions. We show that overexpression of apoptotic factor Bax has a place in children
with nephrotic syndrome. Thus, chronic influence of albumin is a factor predisposing
disturbances in system controlling apoptosis in this cohort of patients. Our data demonstrate
that there is a dependence between the Bax overexpression level and the stage of CKD. We
show the topologic difference between the Bax levels and FSGS degree. This is an indication
that development of glomerular and tubule-interstitial disorders under the influence of
proteinuria occurs in specific range. In vitro data demonstrate that albumin overload
causes mitochondrial Bax translocation that could be an initial factor in apoptotic pathway
activation.

Keywords: nephrotic syndrome, albumin, toxicity, Bax translocation.
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AnonTo3 gK MeXaHi3M iHIYKOBAHOIro a1b0YMiHOM NOIIKOMXKEHHSI HUPOK NpH
He()POTUYHOMY CHHIPOMI Yy JiTeil

'"Hanionansauii Megmannit yaisepcuteT iM. O.0O. boromoubist, Kuis
2 1Y»Inctutyt Hedposorii HalioHaabHOI akageMii MeIMYHUX HayK YKpaiHu», M. KuiB

Pestome. Paniwe y docaioxcennsx in vivo 6yno nokazamo, ujo epekmu, UKAUKAHI npomeinypicio, gidieparoms
BUPIUANBHY DPOb 8 NOWKOONCEHHI HUPOK NpU XPOHIMHOMY 3axeopiosanti Hupox (X3H). Oduax iniyianvHuii Mexauizm
HEe360pPOMH020 NOWKOONCEHHS HUPOK y Oimell npu 3axX60PI08AHHSX, W0 CYNPOBOONCYIOMbCS XPOHIUHON NPOMeiHypI€io,
30KpemMa npu He@pOMuUHy CUHOPOMI, 3aNUUAEMBCS He 3DO3YMINUMU.

Memoio nawioi pobomu 6y10 6usueHHS IHIUIANbHORO MEXAHIZMY PO3GUMKY anonmo3y y dimeil 3 HeqhpomuuHum
CUHODOMOM.

Memodu. IIposedero obcmencenus bionmamise Hupox y 53 xeopux (sixom 6id 10 do 15 pokie) 3 neghpomuunum
CUHOPOMOM, 20CHiManizoéanum 0o giodinenHs dumsuoi Heghposoeii dumsuoi Kainiunoi aikapui No7 (m. Kuie, Ykpaina).
Excnepumenmanvni docaioxncenns mokcuuHocmi anbOyminy, nposederi Ha nepeuHHIl Kyabmypi RpoKCcUMAaAbHO-MYy0yAsap-
Hux Kaimunax nupok wypie (IITKHIII).

Pezynvmamu. Hawe docrioncenns, npogedere nHa Gionmuunomy mamepiani MKaHuH HUPOK dimeil 3 Hegppomue-
HUM CUHOPOMOM, NOKA3GA0, W0 XPOHIMHUL 6NAUG ANbOYMIHY Npu3800ums 00 8UCOK020 pigHs anonmo3y. Hoeo po3nodin
ma pigembp 3anexncums i pieHs GoKarbHoeo ceemenmapro2o nomepynockaeposzy (DCI'C). Ilpoepecysarnus ckaeposy, K
03HAKU HE360POMHO20 NOUKOONCEHHS] HUPOK, CYNPOBOONCYEMbCS NOCMYNOBUM 30i1bUeHHAM eKcnpecii npoanonmo3Hoeo
¢axmopa Bax.

Llocaioncenus in vitro, npogedene Ha NePBUHHIN KYAbMYDPI NPOKCUMANbHO-MYOYAAPHUX KAIMUH HUPOK WYpie, no-
Ka3ano, wo 8NAU8 UCOKUX PIGHI6 arbOYMIHY HA Ui KAIMUHU, BUKAUKAE Malidce HeealiHe HAKONUYeHHS NPOANnomo3H020
gaxmopa Bax Haskono mimoxouopianvuux membparn. Mu npunyckaemo, wo ye moxce Oymu iHiyianbHUM RPOUECcoOM Wiasi-
XOM, KUl 6ede 00 anonmosy KAIMuH HUPOK Npu He@hpomuuHomy cunopomi y dimei.

Bucnoexu. Buseneno, akmusauis excnpecii npoanomo3snoeo ¢hakmopa Bax mae micue y dimeii 3 Heghpomuunum
cunopomom. Taxkum 4uHoOM, XPOHIMHUT 6NAUE ANLOYMIHY € YUHHUKOM, W0 BUKAUBAE NOPYULEHHS 8 CUCMEMI, W0 KOHMp-
ont0e anonmo3 y uiil koeopmi xeopux. Buseneno 3anexcricmo mivc pienem naomiproi excnpecii Bax ma cmadicio X3H.
Bcmanoeneno mononoeciuny pisnuyro mioc pisHamu Bax ma cmynenem okasvHo-ceemeHmapHo2o 210mepya0cKaepo3y
(DCIC). Lle 6xazye Ha me, w0 GOPMYBAHHS 2AOMEPYAAPHUX Ma MYOYA0-iHMEPCMUUITIHUX NOUWKOOXNCeHb Ni0 GNAUGOM
npomeinypii idbysacmocs y nesnomy nopsaoky. [ani in vitro céiduamo, uio nepeeanmaicerts anbOyMiHOM BUKAUKAE
MImMoxoHOpianvHy mpanciokayiro Bax, wo moxce 6ymu nouamkosum haKkmopom aKkmueauii anonmo3Hoeo CUSHANbHO20
WAsXY.

KmouoBi ciioBa: negppomuunuii cundpom, arvOymin-indykosana moxcuunicms, mpanciokauis Bax.

Introduction. Chronic kidney disease (CKD) is
a significant global public health problem with poor
prognosis and elevated health care costs [1-3] Recent
clinical guidelines on CKD incorporate albuminuria
and the estimated glomerular filtration rate (¢GFR) to
define and stage CKD [2,3] CKD results from a variety
of causes, including diabetes, glomerulonephritis, hy-
pertension, infections and polycystic kidney disease [4].
Most forms of CKD are progressive and are character-
ized by disrupted glomerular perm-selectivity, glomer-
ular sclerosis, progressed albuminuria, loss of podocytes
and glomerular tubular disconnection [4, 5].

Ievgeniia Burlaka
evgbur1982@gmail.com

In was shown in vitro and in vivo that main patho-
morphological outcomes that apply to kidney damage
in CKD are glomerulosclerosis, vascular sclerosis, tu-
bular-interstitial fibrosis. Adaptive changes of nephrons
after the primary injury which can no longer be com-
pensated with time, ultimately lead to irreversible dis-
orders - scarring, sclerosis and further loss of nephrons
leading to the end-stage CKD (ES-CKD) formation.
Inflammation plays an important role in the develop-
ment and progression of chronic kidney pathologies
and is the primary and persistent violation, which un-
derlies the pathogenesis of others [6]. All mentioned
above pathophysiological violations might be accompa-
nied by apoptosis. Apoptosis is programmed cell death
that occurs when kidney disease has a place and plays
an important role in their physiology. Harmful effects
of apoptosis are in fact a source of a large number of
kidney cells lost during and/or renal inflammation,
scarring, loss of kidney function [7]. The molecular
mechanisms of albumin-induced apoptosis and their
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outcomes in nephrotic children are not studies substan-
tially.

The aim of our work was to study the initial mecha-
nism of kidney cells apoptosis development in nephrot-
ic children.

Materials and methods. Patients. An examination
of renal biopsies of 53 patients (aged 10 to 15 years)
with nephrotic syndrome hospitalized in Pediatric Ne-
phrology unit of the Children Clinical Hospital No7
(Kyiv, Ukraine) was done. All patients were treated ac-
cordingly with the local protocols. Among all patients
24 (45.28%) were with hormone-sensitive type of ne-
phrotic syndrome, others — 29 (54.72%) showed hor-
mone-dependent type of nephrotic syndrome. Complex
examination other than conventional methods (inspec-
tion, monitoring blood pressure, general and biochemi-
cal blood tests, determination of daily proteinuria, uri-
nary sediment study and concentration ability of the
kidneys, ultrasound of the abdomen etc.), immunohis-
tochemical assessment of apoptosis-dependent glomer-
ular and tubule-interstitial damage were done.

Immunohistochemistry. Renal tissue (3-um sec-
tions) was deparaffinized and rehydrated prior to pro-
cessing. Antigen retrieval was carried out by boiling in
Citrate Buffer (10mM Citric Acid, 0.05% Tween20, pH
6.0) for 20 min. Sections were treated with Triton X-100
0.3% (Sigma-Aldrich NV/SA, Bornem, Belgium) in
PBS for 20min. After three PBS washes, sections were
incubated with blocking buffer (5% bovine serum albu-
min and Triton X-100 0.1% in PBS) for 1 hour. The
rabbit polyclonal anti-Bax antibody (Santa Cruz, CA,
USA) was applied at a dilution of 1:50 in 5% bovine se-
rum albumin in PBS overnight at 4 C. Following three
PBS washes, sections were incubated with a secondary
Alexa Fluor 488 goat anti—rabbit IgG (1:500) for 1h
at room temperature. Nuclei were counterstained with
DAPI. All samples were stained for an identical length
of time and under identical conditions. All record-
ings for each staining were done during one day using
identical gain settings. Sections were mounted in Im-
mu-Mount (Thermo Shandon, Midland, Canada) and
observed with Leica TCS SP inverted confocal scan-
ning laser microscope using 25X/0.8NA oil-immersion
objective. Image analysis was performed using ImageJ
software (NIH Image, Baltimore, MD, USA). Three
areas in each section were analyzed [8].

Detection of apoptotic cells: Terminal Deoxynu-
cleotidyl (TdT)-Mediated dUTP Nick-End Labeling
(TUNEL) assay. An ApopTag Red In Situ Apoptosis
Detection kit (Chemicon International, USA) was used
to determine the Al, according to the manufacturer’s
instructions. The kidney tissue cells were mounted in
Immu-Mount (Thermo Shandon, Midland, Canada),
and the images were recorded with a Zeiss LSM 510 la-
ser scanning confocal microscope using a 25X/0.8NA
oil-immersion objective. TUNEL stain was detected
using 488 nm excitation and a 510-550 nm band-pass
filter. ApopTag was detected using 561nm excitation
and a 575 nm long pass filter. Cells were considered

apoptotic when they exhibited ApopTag Red staining
and characteristic apoptotic morphology. The Al was
calculated as the percentage of TUNEL-positive cells.
In each preparation, eight to ten randomly selected ar-
eas were examined, and in each area, between 100 and
200 DAPI-stained cells were counted [9].

Cells. RPTC were prepared from kidneys of
20-day-old male Sprague-Dawley rats as described
previously. The studies performed in Sweden followed
the Karolinska Institutet regulations concerning care
and use of laboratory animals and were approved by
the Stockholm North ethical evaluation board for ani-
mal research. The kidneys were removed and placed
in 0.9% NaCl at room temperature. The cortical lay-
ers were dissected and placed in Hank’s balanced salt
(Invitrogen, Grand Island, USA) solution at 37°C and
gently mixed using a fire-polished Pasteur pipette. The
reaction was stopped by washing the cells twice in a so-
lution containing 1% trypsin inhibitor. After washing,
equal volumes of cell suspension were plated on 12-mm
glass coverslips in 24-well Petri dishes. The cells were
cultured for 3 days in supplemented DMEM (20 mM
HEPES, 24 mM NaHCO3, 10 pg/ml penicillin, 10 pg/
ml streptomycin, and 10% FBS) on glass coverslips in
5% CO, at 37°C. On day two in vitro, when the cells
have been shown to maintain most of their proximal tu-
bule characteristics, the cells were exposed to the 0, 5,
10, or 20 mg/mL of fatty acid and endotoxin-free bo-
vine albumin alone (Sigma-Aldrich, St.Louis, USA),
with ouabain (Sigma-Aldrich, St.Louis, USA) or with
vehicle (PBS) for 8 or 18 h [9].

Bax translocation assessment. RPTC were cultured
as described previously. On day two in vitro, when they
have been shown to maintain most of their proximal
tubule characteristics, the cells were exposed to the
mitochondria-targeted green fluorescent protein Cell-
Light® Mitochondria-GFP BacMam (Life Technolo-
gies, Grand Island, USA) overnight in the incubator.
On day three in vitro, RPTC were incubated with 0, 2.5
or 10 mg/mL of albumin with or without ouabain (5
nM) or vehicle (PBS) for 0-8 h. In another set of exper-
iments, the cells were treated with 10 mg/mL albumin
for 0, 15, 30 or 45 min. For Bax immunostaining, the
cells were fixed in 4% PFA, washed once with cold PBS
and treated with Triton X-100 (Sigma-Aldrich NV/SA,
Bornem, Belgium). The mouse monoclonal anti-Bax
[6A7] Ab primary antibodies (Abcam, Cambridge, UK)
were applied overnight at 4°C. The controls were sub-
jected to the same treatment, but the primary antibody
was omitted. The secondary Alexa Fluor 546 goat anti-
mouse IgG IgG (Invitrogen, Grand Island, NY, USA)
was applied for 1 h at room temperature. The cells were
mounted and observed using a Zeiss LSM 510 laser
scanning confocal microscope and a 63X/1.4NA oil
objective. Analysis of the Bax translocation to the mi-
tochondria was performed with the Matlab image pro-
cessing toolbox.

Statistics. Statistical analysis was done using the
method of variation statistics (STATISTICA 6.0) and
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nonparametric statistical approaches (Mann-Whitney
test). Results are presented as Mean = SEM. P<0.05
was considered as statistically significant.

Results. Patients characteristics. Characteristics
for participating patients given in Table 1.

Table 1
Group characteristics for participating patients
Characteristics Value

Age, years 11.09 £ 3.46
Body mass index 21.5+1.3
Sex (male/female) 29/24
Normal BP/AH 21/32
Hormone-sensitive type of nephrotic
syndrome,/ hormone-dependent type 24/29
of nephrotic syndrome
Average disease course , years 9.09 +£2.16

BP — blood pressure, AH - arterial hypertension.

DAPI

Merge

Bax

FSGS HI

FSGS -V

* - glomeruli, * p < 0.05.

Proapoptotic factor Bax expression in kidney tissue
of patients with nephrotic syndrome. We have analyzed
the levels of expression and localization of proapoptotic
factor Bax in patients with morphological variant of ne-
phrotic syndrome — focal segmental glomerulosclerosis.
Stages of FSGS were determined by level of glomerular
sclerotic area. Level of sclerosis corresponding to <25%
of the glomerular area was assumed as I stage of FSGS,
I1 stage of FSGS - 25-50%, 111 stage — 50-75% and 1V
stage — 75-100%. Analysis of Bax expression in kidney
biopsies from children with focal segmental glomeru-
losclerosis show the presence of high level of Bax ex-
pression in both glomerular and tubule-interstitial seg-
ments. Higher level of immune signal was recorded in
glomeruli as compared to tubule-interstitial segment in
FSGS I-II stages (43.57 £ 0.88 a.u. vs 24.9 = 0.41 a.u.,
P <0.01). When complete glomerular sclerosis presents
a high level of Bax was documented in the surrounding
tubule-interstitial segment (13.7 = 0.42 a.u. vs 22.5 =
0.65a.u., P<0.01) (Figure 1).

* *

5
[
=
=
1%}
[
@
-4
o 5
E
S »
E T
E "
> 10
o
Glomeruli Tubule- Glomeruli Tubule-
interstitial interstitial
segment segment
FSGS Il FSGS -V

Fig. 1. Topical characteristic of the Bax expression in different stages of FSGS. DAPI: visualization of nuclei;
Bax: Bax immune signal in kidney tissue.

Apoptosis level in kidney tissue of nephrotic chil-
dren. Results of the apoptosis level analysis in kidney
sections of biopsy material of nephrotic children with
morphological form of chronic glomerulonephritis fo-
cal segmental glomerulosclerosis revealed the presence
of high level of apoptotic cells. Moreover, it is shown
that in sclerotic glomeruli with the level of glomerulo-
sclerosis I-11I st. the majority of apoptotic cells localized
in glomeruli. In case of glomerulosclerosis IV st. a high

=\ -

level of apoptosis detected in surrounding tubule-inter-
stitial segment (Fig. 2, A).

Quantitative analysis showed that in case of FSGS
I-1II st. the apoptosis index (Al) in glomeruli: 22.29 +
0.86%, in tubule-interstitial segment: 9.43 + 0.59% (p
<0.01). At high level of glomerulosclerosis (IV st.) distri-
bution of apoptotic cells was different. High Al found in
tubule-interstitial component: 29.27 & 1.18%, in glomer-
uli Al detected at level 4.7 = 0.54% (p < 0.001) (Fig. 2, B).

Glomeruli

Apoptotic index, Al (%)

Tubule-
interstitial
segment

Tubule-
interstitial
segment

Glomeruli

FSGS 11 FSGS IV

Fig. 2. Apoptosis level in kidney tissue of nephrotic children. A: TUNEL staining; B: quantitative analysis of apoptosis.
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Albumin overload induces Bax translocation to
mitochondria. In this study we used an albumin to in-
duce apoptosis in RPTC. To further characterize mi-
tochondrial involvement in albumin toxicity, we per-
formed time sequence studies, monitoring Bax and
mitochondria co-localization in albumin-exposed rat
proximal tubule. Concentration of albumin 2.5 mg/mL

Baclam 2.0

Bax

Albumin, 2,5 mg/mL

1h 2h 4h gh

used in this experiment. The co-localization of immu-
nolabeled Bax and mitochondria expressing GFP was
analyzed in confocal micrographs (Fig. 3). Co-local-
ization increased in a time-dependent manner, and the
increase was significant after 2 hours incubation with

2.5 mg/mL albumin.
e

Overlaping peaks, %

Albumin, 2,5 mg/mL - + + + +

**p<(.01. Statistical analysis was performed using the Mann-Whitney U test. Experiments were repeated four times

Fig. 3. Immunofluorescence staining of proapoptotic factor Bax (red) in RPTC incubated with 2.5 mg/ml albumin. Cells were
transfected with mitochondrial marker BacMam 2.0 (green). Number of co-localized Bax/mitochondrial peaks was counted.

Discussion. Proteinuria is the hallmark of glo-
merular diseases, and the magnitude of proteinuria is
an established adverse prognostic factor in a variety of
progressive nephropathies [10]. Ongoing proteinuria
has been proposed to lead to tubular injury primarily via
excessive tubular cell uptake of filtered proteins and/or
protein-bound substances such as fatty acids. Albumin,
the most abundant protein in the glomerular filtrate, is
endocytosed by proximal tubule cells and can cause di-
rect tubule cell injury in animals and cell culture mod-
els [10, 11]. Several mechanisms remain under inves-
tigation in these experimental settings, proposed [12].
There is, however, a paucity of mechanistic informa-
tion in pediatric diseases characterized by chronic pro-
teinuria, i.e. nephrotic syndrome.

The relationship between the two cardinal pro- and
anti-apoptotic members of the Bcl2 family of proteins,
Bax and Bcl-xL, plays a crucial role in determining the
balance between cell life and death [13]. We demon-
strated that in vitro cellular uptake of albumin causes
rapid accumulation of Bax around the mitochondria,
resulting in the disabling of the mitochondrial mem-
brane and initiation of the apoptotic process. These in
vitro data may be crucial in further understanding of the
apoptosis initiation in patients.

Here we show that overexpression apoptotic factor
Bax have a place in children with nephrotic syndrome
meaning that chromic influence of albumin is a factor
predisposing disturbances in system controlling apop-
tosis in this cohort of patients. Our data demonstrate
that there is a dependence between the Bax overexpres-
sion level and the stage of CKD. We show the topologic
difference between the Bax levels and FSGS degree.
This is an indication that development of glomerular
and tubule-interstitial disorders under the influence of
proteinuria occurs in specific range.

Conclusions. We show that overexpression of
apoptotic factor Bax has a place in children with ne-
phrotic syndrome. Thus, chronic influence of albumin
is a factor predisposing disturbances in system control-
ling apoptosis in this cohort of patients. Our data dem-
onstrate that there is a dependence between the Bax
overexpression level and the stage of CKD. We show
the topologic difference between the Bax levels and
FSGS degree. This is an indication that development
of glomerular and tubule-interstitial disorders under
the influence of proteinuria occurs in specific range.
In vitro data demonstrate that albumin overload causes
mitochondrial Bax translocation that could be an initial
factor in apoptotic pathway activation. Further study
of the molecular mechanisms, i.e. specific caspases-3,
-8 activation, fibrosis markers levels in children with
nephrotic syndrome has a great importance for under-
standing the nature of the disease progression.
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Abstract. Acute kidney injury (AKI) in children has a polyethiological structure,
peculiarities of the course of age-related diseases and a high risk of developing chronic
kidney disease (CKD) in catamnesis.

The aim of the study was to study the functional status of the kidneys in children
undergoing AKI in remote terms.

Materials and methods. The functional status of the kidneys (velocity of the balloon
filtration (GFR) by Schwartz, the level of parathyroid hormone (PTH), albuminuria
(AU), dynamic and static renoscintigraphy (RSG)) were analyzed retrospectively,
according to 60 histories of diseases of children aged 1 to 18 years old AKI during
2000-2016.

Results. During the first year of follow-up, 61.5% of patients retained blood azotemia,
slowed GFR, and high AU. Further follow-up of this group of patients revealed a
tendency to normalize the levels of creatinine, urea, and GFR, but the increase in AU
levels. In the follow-up dynamics of 5 to 15 years, it was determined that in 13.3% of
patients, GFR ranged from 90 to 85 ml / min, and in 36.7% - from 85 to 30 ml / min.
In 46.7% of children with unchanged creatinine and GFR, an increase in albuminuria
from 45 to 601 mg / day was noted. During the observation period, 15 years or more,
53.3% of the child was fully recovered; in 31.6% of patients, chronic renal failure
(CRF) was diagnosed, and 30.0% had a defective recovery - a consistent reduction of
the function with available markers of damage kidney.

Conclusions. Acute kidney damage was more common among children of the first
3 years of life, mainly in boys. The etiological factor of the onset of the disease was
hemolytic uremic syndrome on the background of acute intestinal infection. A complete
recovery was documented in 20.0% of the reconvalescents of the AKI, in 30.0%, the
persistence of renal damage markers with function restoration was confirmed, and in
18.3% a significant, steady decline in the function of the kidneys. A multi-purpose
scintigraphic study with radiopharmaceuticals with different drags showed signs of
tubal and glomerular disorders in 7-8 years before laboratory changes.

Key words: aquite kidney injury, children, the kidney functions, the catamnesis, the
chronic kidney diseases.
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JlaBpenuyk O. B., barnacaposa 1. B., I[TonomapeBa M.A.

(I)yHKHiOHaJIbHI/lﬁ CTaH HUPOK Y HiTeﬁ, 10 MEPEHECJIN roCTpe NOIKO/I2KCHHA
HHUPOK, B KaTamHe3si CIIOCTEPE2KECHHA.
JepxasHa yctaHoBa “Inctutyt Hedpoiorii HAMH Ykpainn”, m. Kuis

Pestome. Tocmpe nowkoodxucenns nupok (I'IIH) y dimeii mae noaiemionoeiyny cmpykmypy, ocobaugocmi nepebizy
3anedxcHi 8i0 iKY 3aX80PHOBAHHS | BUCOKUL PU3UK PO3BUMKY XPOHIUHOT X60pobu Hupox (XXH) 6 kamamuesi.

Memoro docaidxcenns cmano eusueHHs PYHKUIOHAAbHO20 CIMAHY HUPOK Y dimeil, wio nepenecau I'lIH, y iodase-
HUX MepMIHaXx.

Mamepiasu ma memoou. Byno pempocnekmueHo npoaHanizoéaHo QYHKUiOHAAbHUU CMaH HUPOK (Weudxkicmo
Kaybxoeoi gpinompauyii (LHIIK®D)3a llsapyom, pieenv napamipeoionoeo eopmony (IITI), arvbyminypii (AY), dunamiunoi i
cmamuunoi penocuyunmuepaii(PCI)) 3a oanumu 60 icmopiit xeopo6 dimelii 6id 1 do 18 pokie, wo nepenecau T'ITH npo-
mseom 2000-2016 p.p.

Pezyavmamu. Ilpomseom nepuioeo poxy chocmepexcerns y 61,5% xeopux 30epiearace azomemisi,, ynosinbHeHHs
IIIK® ma eucokuii pisenv AY. Ilodanvue cnocmepeicentst 3a Yicio epynor Xeopux eUs8UL0 MeHOeHUilo HOpMarizauil
pienie kpeamutiny, cenosunu, IIIKD, ane 3pocmanns pisnie AY. B dunamiyi cnocmepescenns 6id 5 do 15 pokie, eusna-
ueno, wo y 13,3% nauienmie HIK® cmanosuna 6id 90 do 85 ma/min, a’y 36,7% - 6id 85 do 30 ma/min. Y 46,7% dimeii
npu He 3MiHeHux nokasnukax kpeamuniny i IHIK®, siomiveno 3pocmanis pierio arvOyminypii 6io 45 do 601 me/006y. 3a
nepiod cnocmepexcentsi, 6id 15 pokie i binvue, noguicmio 0dyxucaro 53,3% odumunu, y 31,6% xeopux koHcmamosana
Xpouiuna Hupkosa Hedocmamuicms (XHH), a y 30,0% cnocmepicanoce 00yxicaunts 3 depekmom - cmiiike 3HUNCEHHS
@DYHKUIT 3 HAABHUMU MAPKepaAMU NOWKOONCEHHS HUPOK.

Bucnosku. Tocmpe nowkooceHHs HUPOK yacmimie 3ycmpiuanocs ceped dimeil nepuiux 3 pokie scumms, nepe-
8AICHO Y Xn0on4uKie. Emionociunum uuHHUKOM UHUKHEHHS 3AX80PI08AHHS 08 2eMOAIMUKO-YPEeMIUHULI CUHOPOM HA (hOHI
eocmpoi kuwkoeoi ingexuyii. Ilogue odyxucanns doxymenmosane y 20,0% pexoneanecyenmie I'lIH, y 30,0% koncma-
MOBAHO NePCUCMEHYII0 MAPKePie NOUKOO0NCeHHS HUPKU 3 i0Ho6AeHHaM QyHkuil, a y 18,3% 3naune, cmiiike 3HUNCCHHS
@yukuii Hupok. baeamouinvose cyunmuepagpiune docaioxncents 3 padiogipmnpenapamamu pizHo2o muny eueedeHHs eu-

ABUNO 03HAKU NOPYUWIEHHS KAHAAbYUEBUX MA 2A0MEPYAAPHUX DYHKYIH 3a 7-8 pokie 00 noseu 1ab60pamopHux 3MiH.
KunrouoBi ciioBa: cocmpe nowkodcenns Hupok, dimu, hyHKUis HUPOK, KamamHue3, XpOHIUHA X80PO6a HUPOK.

Beryn. TlocTpe MOINKOMKEHHS HUPOK PO3IIiHIO-
€ThCS K KIIHIYHUI CUHAPOM, 1110 BUHUKAE BHACITIIOK
psny (akTopiB, TakMX K crielMdiyHi 3aXBOPIOBAHHS
HUPOK (TOCTpUI iHTepCTULiaTbHUI HedPUT, TOCTPi
TJIOMEPYJISIPHi i CyIUHHI YpaXeHHSI HUPOK), HECTIELI -
¢ivyHi cTaHu (inIeMis, TOKCUYHI yYpaXXeHHs), a TaKOX
eKCTpapeHalbHi MOpYUIeHHS (TIpepeHalbHa a30TeMis
i rocTpa mocTpeHajbHa OOCTPYKTMBHA Hedpomaris).
AKTYaJIbHICTb 11i€i MpoOaeMu 0O0yMOBJIEHA MOJTiE€TiONO-
TIYHOIO CTPYKTYPOIO, OCOOJIMBOCTSIMU PO3BUTKY i ITepe-
0iroM y niteii pi3HUX BiKOBUX TPy i BACOKUM PU3UKOM
PO3BUTKY XpPOHIYHOT XBOPOGU HUPOK SIK HacmiaKy [1, 2].

S. P. Andreoli BizMiuaB HacTYMHi BiKOBi BiIMiH-
HocTi po3Butky I'TTH y miteit: y miteit no 2 pokis I'TTH
yacTille acolliiloBaHe 3 KOPTUKAJIbHUM HEKPO30M,
TpoMOO30M HUPKOBOI apTepii ab0 BeHU, TiMOKCUYHO
IIeMiYHUM YIIKOIKEHHIM, OOCTPYKTUBHOIO ypomaTi-
€, nmucruiaziero Hupok [3]. ¥V mimmitkiB 12-18 pokis

JlaBpenuyk OJbra Bacuiaisna
Ivi_lov@meta.ua

T'TTH uyacrimie 3a Bce acoliiioBaHO 3 WBUIKO MPoOTpe-
CYIOYUM TJIOMEPYJIOHE(PUTOM, CUCTEMHUMMU BACKYJi-
TaMU i iIHTePCTULIAIBHUM HEe(PUTOM, OOCTPYKTUBHIN
ypoTIIatii, Tpy TOKCUYHOMY i TIMOKCUYIHO/iTlIeMiTHOMY
MTOIITKOKEHHI [4].

Haii6inbiie posnosclomkeHoo npuunHoro ['TIH
y IiTell paHHBOTO BiKY € TeMOJIITUKO-YPEMiYHUI CUH-
apom (I'YC) [5]. Cepen nemiaTpudHUX MALi€HTIB TH-
noBuit I['YC, 1110 BUHUKAE Micsgd KUIIKOBO1 iHDEKIIii y
90% xBopux, aturnosuit I'YC, acowiiioBaHuii 3 cTper-
TOKOKOBOIO ITHEBMOHi€l0 adbo HIV [5, 6]. LlikaBo, 1110
BiTHOBJIeHHS QYHKILiT HUpPOK y 60-70% TaKuX XBOPUX
abo mBuaKe, a60 — mporpecyBaHHsI B XXH. B 3B g3Ky 3
UM Oy po3poOJieHi HACTYITHI MPaKTUYHI PEKOMEH-
nmanii KDIGO (2012): IMTanientu 3 I'TTH MaroTh 3Haxo-
JMUTUCH MiJl CITIOCTEPEXEHHSIM MPOTATOM 3 MiCSIIiB TS
BU3HAUYEHHSI CTYINEHS BiIHOBJEHHS (PYHKIIiI HUPOK,
noBTopHoro emizony ['TIH 4yu moripuieHHs1 nepebiry
HasBHOI panime XXH [7].

OnHOLIEHTPOBE MOCJIIXKEHHS i JaHHi MeTa-aHa-
JIi3iB AeMOHCTpyIOTh, 10 ctaHu — I'TIH i XXH, 1o
BUHUKAIOTh B TUTSIYOMY Billi, CTalOTh MPUYMNHOIO HeE-
BEJIMKOI KiJIbKOCTi BUMNankiB XXH y BCcboMy CBITi B 11i-
JloMy, ajie GBI HiX 3p03yMiJio, 110 XBOPOOU HUPOK
y IOpOCJIUX — apTepiajbHa TilepTeH3isl, MpoTeiHypis,
XXH € HacnigkoMm qutsauux npobiem [8-12].
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JlocmikeHHST pOCiChbKUX KOJer MiATBepaAuIn,
mwo I'TTH 3 mosieTionoriyHow CTPYKTYpolo y OiTei
i MOpOCIUX XapaKTepU3YEThCS HACHiIKaMU B ITOBHE
OyXaHH$, OAy>XaHHS 3 N1eHEeKTOM a00 B TEpMiHAIbHY
HHUPKOBY HETOCTATHICTh [2].

AKTyaJJbHUM THUTaHHIM AUTI401 Hedposorii €
MOIIYK iHOOPMAaTUBHUX i JOCTYMTHUX OioMapKepiB 1S
MOHITOPUHTY (YHKIIiiT HUPOK B JUHaMilli y PEKOH-
BasiecueHTiB I'TIH. Ha cyyacHoMy etani Mapkepamu
YUIKOMXEHHSI HUPOK BBAXA€ThCS MPOTEiHYPisl, 3pOc-
TaHHSI KPEAaTWHiIHY CHUPOBATKU KPOBi Ta 3HUXKEHHS
IK®. Anani3 jiTepatypu CBiT4UTh, 110 BCi JOCHTi-
JUKEHHST TTPOBOJMIIUCS Yy AOPOCAuX, xBopux Ha XXH
PI3HOTO TOXOJXEHHS, ajle MPAKTUYHO HEMA€E TMOIi-
OHUX JociaimxeHb cepen aiteil. KpiM Toro, 6ilblIicTb
MAlli€HTIB AUTSIYOTO BiKy BUMANA€E 3 IOJS 30py He-
dpoJsora micyas MOKpalleHHs iX CTaHy, aje 3a JaHUMU
CBITOBOI JliTepaTypu, NMEPEHECEHUI CTaH MPU3BOJUTH
Jo po3BuHeHHs1 XXH 3 mporpeaieHTHUM 0€3CUMIITOM-
HMM noripmeHHsaM GyHKIii Hupok no XHH [2, 13].

MeTow HaNoro MOCTIIKEHHSI OyJ0 BHUBUEHHS
(yHKIIOHATBHOTO CTaHy HUPOK Y JiTeii, 110 MepeHe-
cinu I'TTH, y BinganeHux TepMiHax.

Marepiaam i metonu. IIpoanarnizoBaHo 60 icTo-
piif xBopoO naitieHTiB (Bix 1 1o 18 pokiB), 110 epeHe-

CJIA TOCTPE MOIIKOMXEHHS HUPOK i CIOCTEpirajucs y
BinaineHi nutsayoi Hedposorii Y «IHcTUuTyT Hedpo-
qorii HAMH VYkpainuw» (kiiHiuHa 6a3a — BiAdiIeHHS
Hedpoorii AKJI Ne7 M. Kuesa). O0cTexXeHHS ITpOBO-
JIWJIOCH MIPU MOCTYTUIEHHI Y BiIiJIEHHS Mics JiKyBaH-
g B HAKJT «OxmatauT», yepes 3 Mmicsii, 6 MicsuiB Ta
1 pa3 Ha pik 10 17 piuHoro Biky. Komruiekc oocTexxeH-
HSI BKJIIOYAB 3arajlbHOMPUIHATI pyTUHHI METOIUKHU,
(yHKIIOHANTBHUI CTaH HUPOK OLIIHIOBAIU 32 MOKa3-
HUKaMM LIBUAKOCTiI KJIyOKoBoOi1 (inbTpalii (3a IIBap-
1IOM), KOHUEHTpaliiiHo1 ¢GyHKIIil (32 3UMHULIBKUM),
Bu3HauaBcs piBeHb I[ITT, anbOymiHypii, TMHAMi4YHOI
i cTaTU4HOI peHocuuHTUrpadii. BciMm xBopuM BUKO-
HaHO Y3] yepeBHOI MOPOXHUHU Ta HUPOK. PiBeHb
IITT ropmoHy B KpoBi i aibOyMiHypii BU3HAYaBCS B
KoMepLiliHuX Jaboparopisix M. Kuesa. bararoiliibose
cuuHTirpadiuyne nocmimkeHHs: 3 POII pizHoro tumy
BuBeneHHsa: nuHaMiuda PCI 3 kaHanbpueBum PDIT -
Tc-JATIIA ta cratmuda PCI 3 POTI tpuBanoi dikcartii
B HUpKax — 99MTc-IM CA BukoHaHO Ha 6a3i Kadenpu
paniosnorii HalioHaTbHOTO MEIMYHOIO YHiBEPCUTETY
iM. O. O. boromounbus (2003-2016 poku) Ta OLIHEHO
PEeTPOCHEKTUBHO.

PesyabTaTi. CTpyKTypy OOCTEXKEHUX XBOPUX
npeacTaBaeHo y Tabauui 1.

Tabauysa 1
XapakTepuCTHKa XBOPHX, BKIIIOYEHA B 0CTiIKeHHs (n/%)
Hosonoriuna Cratp Bik, poku
¢opma XJIOMYUKH JiBYATKA <3 3-7 >7
ryc 13/68,4 6*/31,6 15/78,9 2/10,5 2*%/10,5
I'yC+CIIOH 9/69,2 4*/30,8 10/81,8 3/23,1 -
IemoniTnuHa aHeMist 11/64,7 6/35,3 10/58,8 4/23,5 3/17,6
I'YC+cencuc 7/63,6 4/36,4 6/54.4 2/18.2 3/27.3
KinbkicTs XBOpux, n 40 20 41 11 8
IMpumitka. p<0.05: *3 xJIomuukamu, **3 Tpymoro 10 5 pokis.
byso BcTaHOBIEHO, IO cepel peKOHBaJIeCIIEeH- AHami3ylo4n emigeMioJIoTiYHy IOIIMPEHiCTh

TiB I'TIH nmepeBaxanu AiTh nepiiux 3 poKiB XKUTTS
34/56,7%, na npyroMmy 3a 4acTOTOIO MicCIli Oy/iIM miTH
Bim 5 mo 11 poxkis 13/21,6%, nmatieHTH BikoM Bin 1 poky
10 3 —9/15,0% i ninnitku (14-17 ner) — 4/6,67%, ne-
peBaxanu xjaomuuku - 43/71,7%, nisaara — 17/28,3%
(Taba. 2).

I'TTH no obGnactsMm YKpaiHu, BCTAHOBJIEHO HalOUIb-
1Ty KiJIBKiCTb BUITaaKiB y Kuesi Ta oomacti-11/18,3%,
Binnumbeka o6m. — 7/11,7%, dHinporneTpoBcbhKa
00s. — 6/10,%, peira obGsacTeii Majo MPUOIU3HO
ogHakKoBY KinbKicTe BumankiB I'TIH Bim 8,3-3,3%
BUIAIKIiB.

Tabauysa 2
Yunnuku I'ITH 3anexno Bin BiKy gireii (n/%)
Yuunuku I'ITH Kniina rpyna
110 3-X POKiB 3-6 pokis 6-17 pokis
KinpkicTs xBOpUX, n 40 6 14
I'KI 35/52,5 3/3,3 11/9.2
Cericuc 2/3,3 3/4,9 12/10.2
OI'H - 1/1,6 2/3.3
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IIpoodoscenns mabauyi 2

Yunuauku I'TTH Kritia rpyna
110 3-X pokiB 3-6 pokiB 6-17 pokis
I'PBI 2/3,3 3/4,9 1/1,6
IemostiTuyHa aHeMist - 2/3,3 1/1,6
IMpepenanbHuii hakrop 2/3,3 - -
KouTpact - - 1/1,6
BakiiuHarris 1/1,6 - -
HeycraHoBneHa eriosoris 1/1,6 - 1/1,6

3a JaHMMU aHaMHe3y IIepUTOHEAJIbHUM Jia-
i3 orpumyBana 31/51,7%, nuTuHa, TeMopiamiz —
16/26,7%, 6e3 ehepeHTHUX METOIIB Tepallii MPOJIiKo-
BaHo 8/13,3% mnarlieHTiB. B cepeqHbOMy TEpMiH Ie-
PUTOHEAJIbHOTO Aiaji3y ctTaHOBUB 13,3 1obu, a TepMiH
BiZHOBJIEHHSI CaMOCTiiiHOTO Aiype3y — 22,7 1oou.

3a Bechb mepiod crnocTepexkeHHs, Bim 15 pokis
i Oinblie, MoBHicTIO omyxano 32/53,3% muTuHuU, Y
19/31,6% xBopHX KOHCTAaTOBaHa XPOHiYHAa HUPKOBA

HemocTaTHicTh (XHH), ay 18/30,0% cmocTepiraioch
OoAy>XXaHHS 3 1e(PEKTOM — CTiliKe 3HUXEHHS QYHKIIii
(15 mun/xB.<IIK®<89 Mi/xB.) 3 HAIBHUMU abO Bif-
CYTHIMU MapKepaMu ITOIIKOIKEHHS HUPOK [4].

Bci xBopi Oynu po3mnofilieHi Ha 2 Tpynu 3a Tep-
MiHOM KaTaMHe3y — | rpyma mo 3 pokiB criocTepe-
JKEHHS Bill MOYaTKy 3aXBOPIOBaHHsA, 2 Irpymna — Bil 5
poKiB i 6inbire Ta 3a mokasHukoMm HHIK® (tabi. 3).

Tabauys 3
IToka3unku pyHKIii HUPOK B TUHAMIIli CIOCTEePeKEeHHS
Kniniuna rpyna
IToxka3HuKH IIK®>90 HIK® 60-90 HIK®<60
I'pyna 1 I'pyna 2 I'pyna 1 I'pyna 2 I'pyna 1 I'pyna 2
n 20 16 13 6 12 5
KD 110/ 108/ 76/ 64/ 50/ 45/
100;121 101;115 73;82 62;76 32;54 4447
. 51/ 65/ 58/ 84/ 128/ 11/
KpeaTiHIt 42;60 56,75 53;72 64;87 84187 97;143
CEYOBMHA 5/4;5 5/4;6 6/6;8 8/7;10 12/11;15 10/10;1
80/ 134/
nTr ) ) 47,106 ) 116;164 )
AY 12/ 33/ 12/ 138/ 157/ 546/
4;66 8;130 4,66 84,184 49;298 450;684

ITpuMiTku: KiTbKiCHI TIepeMiHHI TTpeICcTaBIeHo K MeaiaHa/25;75 nepueHTuti.

[IpoTaroM mnepiioro poky CHOCTePEXEHHS Y
16/61,5% 3 26 xBopux 30epirajgach a30TeMisl, yIOBiIb-
HeHHs LHIIK® Tta Bucokwuii piseHb AY. [Moganblire cro-
CTEPEXKEHHS 3a I[i€l0 TPYIOI0 XBOPUX BUSIBUJIO TEH-
JeH1Iil0 HopMaJli3allii piBHiB KpeaTHMHiHYy, CEUOBMHHU,
IIK®, ane 3poctanHHs piBHiB AY. (1uB. Tab1. 3).

Tak Ha MOMEHT BUITMCKU 3 BiJAiJICHHS 3aMiCHOI
Teparii, piBeHb KpeaTuHiHy ckiamaB 75/53;123, yepes
pik — 69/52;104, a 6inblire 5 pokiB KaTamHe3y — 81/64;
104, moka3HUKW CTaTUCTUYHO He 3Hauyuli. PiBeHb
anbOyMiHypii yepe3 pik craHoBuB 55/7;180, uepes 5
pokiB — 81/23,173.

B nunamiui cnocrepekeHHs Bin 5 1o 15 pokiB, Bu-
3HavyeHo, 1o y 4/13,3% nauienrtiB IIIK® craHoBuia

Bix 90 mo 85 mu/miH, ay 11/36,7% - Bin 85 mo 30 mu/
MiH. Y 14/46,7% niteii npu He 3MiHEHUX TTOKa3HUKAX
kpeatnHiny i [IIIK®, BinMiueHO 3pocTaHHS PiBHIO aJlb-
OyMiHypii Bix 45 no 601 Mr/mo0y (puc. 1).

InTerpanbHa ouiHKa (YHKUIOHAJIBHOTO CTaHY
HUPOK TPOBOAMUIACH ¥ 22 XBOPUX 3a 0AraTouiJbOBUM
cuMHTUTpadivHuM gociimkeHHsM 3 P®II pizHoro
TUITYy BUBeICHHS y pi3Hi Tepminu micas ['TIH. 3a pe-
3yJibTaTaMU aHalizy JlabopaTOpHUX MOKAa3HMKIB BCi
nawieHTH Oyau po3rnoaiiieHi Ha 3 rpynu: | rpymna — mno-
BHE OJy>KaHHS, 2 rpyna — ofy>KaHHs 3 JeheKToM (110~
MipHe abo 3HauyHe, CTilike 3HUKE€HHs (YHKIIil 3 Ha-
SIBHUMU a0O0 BiICYTHIMM MapKepaMu IOIIKOMIXKEHHS
HUpPOK), 3 rpyna — XHH.
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ITpu nocnigxeHHsx 3 9mTc—IMCA y xBopux
BCiX TpYI Bi3HaYaau HEPiBHOMIPHICTh i 3MEHILEHHS
mBUAKOCTI HakormmueHHs P®II (tabdn. 4). 3Beprajio
yBary, 110 y Nalli€HTiB, BiTHECEHUX A0 I'PYIU 3A0PO-

BUX, BiMidyaJoCh 3MEHIIEHHSI BiACOTKY BKJIIOUEHHS
P®IT 1o 5,8% nipu Hopmi 8% i Buille, 1110 CBiTYMIIO TTPO
IMapeHxiMaTo3He MOpYyIIeHHS QYHKIIOHAJIBHUX ITapa-
METPiB MiSITbHOCTI HUPOK.

yepes 1 pik yepes 2-5 pokis
160 + 900 160 S 900
800 140 ——AY - 800
- 700 120 + = - 700
g - 600 8 % 100 M S 600 g
E - 500 : - 500 X
g | £ g > . 2
g 400 7. € o 400
= - 300 < = - 300 <
L 200 40 - - 200
- 100 20 7 \ - 100
0 0 1 1 2 Sumt o g L 4 L o0}
1234567 89101112131415161718 12345678 9101112131415161718
MaLieHTH MaLieHTH
Puc. 1. CniBcraBneHHs nmokasHukis IIIK® i AY y pekonBanecuentis 'TIH B KaTaMHe3i criocTepeXeHHS.
Tabauys 4
ITokaznuku ctatuunoi PCI' 3 99mTc-JIMCA y aireii mica I'TITT
KinigyHa rpyma
IMoxazHuk p
1 2 3
1-3: p=0,010;
Bxmouenns PPIT no 180 xB., % 5,8/2,2;6,5 4,3/2,9;5,4 1,6/1,1;2,0
2-3: p<0,001
KinbKicTh DiITHOK MOHMXKEHOTO
A 2/1;2 2/1:3 0/0;1 2-3:p=0,017
BKJIIOUEHHS, N

ITpumiTka: KiIbKiCHiI mepeMiHHi ITpecTaBIeHO K MeaiaHa/25;75 nepLeHTuIi;

IMpu IPCT 3 99mTc-ATIIA BimMiuanochk 3HMXKEeHHsI KIIy0ouKoBoi dinbrpaliii 1o 45% y maii€eHTiB nepIioi

rpynu (Tabi. 5).

Tabauysa 5
IToka3nuku qunamiunoi PCT 3 99mTc-/ITIIA y aireii micoas T'TIIT
Kuiniyna rpyna

IToka3Huk 1 3 3 p
. . . 1-3: p=0,007,;
T Max, XB 5,0/4,4;7,6 | 6,0/5,0;10,5 | 2,5/2,0;4,3 2-3: p<0,001
Busenenus POIT no 20 xB, % 40/28;45 25/11;34 35/25;43 1-2: p=0,014
. . . . 1-2: p=0,005;
KD 15t okpemMoi HUPKH, JI/XB. 45/30;51 32/24;35 21/16;31 1-3: p=0.002

KD HaZCTaH.ZlapTHy MMOBEPXHIO TiJa, 95/88:101 74/69:91 67/52:87 )

MJI/XB./M

ITpumiTka: KiTbKiCHI mepeMiHHI TTpeIcTaBIeHO SIK MeaiaHa/25;75 nmepLeHTuIi;

3HUXEeHHS KiTbKOCTi (hyHKIIOHYIOUOI MapeHXiMu
B 000X HUPKaX Yy BCiX MAalli€HTIB, BUSBJICHI KaHAJbIIE-
Bi 3MiHM i BOTHUILA CKJIEPO3Y y AiTe€il 3 HOpMaJbHUMU
KJIiHiKO-1a00paTOPHUMU TMOKa3HUKAMU, HE BUKIIO-
4aJi0 MOXJIMBOCTi CTPYKTYPHOI HEMOBHOLIIHHOCTI, re-
MOJMHAMIYHUX MOPYIIEHb Ta iHTEPCTULIIATBHOTO HE-
(bputy 3 1aTeHTHUM nepedirom B 000X HUPKaX Micis
nepeHeceHoro crany I'TTH.

Oo6roBopenHsi. [lpeacraBieHa pobora TMPOBO-
IUTHCSl BIieplle B YKpaiHi, A€ HiKOJM He MOCHiIXYy-
BaJIUCh MOKA3HUKMN (DYHKI[IOHAJIBHOTO CTAaHy HUPOK Y
XBOpMX, 110 niepeHecau I'TTH, ocobiuBo, y BinmajieHux

tepmiHax. BctanosneHo, mo I'TTH Haltyacritue 3yctpi-
4ajoch cepeq AiTei mepiumx 3 poKiB XUTTS, TIepeBaxk-
HO y XJIOMYUKiB. ETiOJOTiYHMM YMHHUKOM BUHUK-
HenHs ['TIH y 63,3% niteit 6yB I'YC Ha doHi rocTpoi
KMIIKOBOI iH(peKii, a 3a BigmaJeHMMU HacIiaKaMu
3axBoptoBaHHs y 31,6% mallieHTiB TOKyMeHTOBaHa
XHH. OtpumaHi HamMu pe3yJbTaTU IO EMigeMioNOorii,
HO30JI0TiuHii i BikoBit ctpyktypi ['TIH cniBnagatots
3 MOCTIMKEHHSAMU E€BPOMENChKUX i AMEPUKAHCHKUX
BueHux [9, 11, 14].

Hes3Baxaioun Ha HEBUCOKY DPO3IMOBCIOMKEHICTh
XXH B gutsgyoMy Bili, 3a JiTepaTypHUMU AAHUMU

YKPOTHCBKUI XKYPHOA HEPPOAOTIT T AlaAidy N23 (59) 2018

OpUriHOABHI HOYKOBI POBOTU 35



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 3 (59)°2018

Bim 15 go 74,7 % BumnaakiB Ha MiJTIOH OiTeid, CTYIiHb
YUIKOMXEHHSI i TepMiH TOCTPOTO YIIKOIXEHHS HU-
POK Y JiTeil € MpoBiAHUMU (haKTOpaMu MPOrpecyBaH-
Hs i ¢dopmyBanHst XXH [9, 11, 14]. S.L.Goldstein,
P. Devarajan noBesu, 1110 MOHITOPUHT (DYHKIIOHATb-
HOTro cTaHy HUpOK Yy aiteit micas I'TIH, no3BoauTh Bu-
3HAUYUTU HasBHIiCTh mporpecyBaHHs B XXH a6o iioro
BiICYTHIiCTb i MpU3HAYaTH NMPOdiTaKTUYHE JTiKyBaHHS
[13]. 3a manumu S. Stickle B 4% y 176 niteii, 1o nepe-
Hecau I'TIH, giarHocTOBaHO 3HUXEHHS (DYHKIIII HU-
POk, 10 3actocyBaHHs mianizy [10, 11]. D. J Skenazi
BUBYAIOYM KaTaMHe3 LIUX XBOPUX, BCTAHOBUB BUXWBA-
eMicTb 10 79.9%, a 'y 16 xBopux — TepmuiHanbHy XHH
[15].

3a JaHMMU HAIIOTO CIOCTEPEXKEHHS MPOTATOM 15
pokiB, y 30 xBOpUX MpoaHaIi30BaHO CITiBBiAHOILIEHHS
MOKa3HUKIB (PYHKIIOHAJBHOTO CTaHy HUPOK — Kpe-
atuHiny, IIIK® 3 piBHeMm anpOyminypii. ¥ 12/20,0%
XBOPUX TiJBUIIEHI piBHI KpeaTUHiHYy, CEYOBUHHU,
HIK® i anp0ymiHypii Ha MepIIOMY POIli 3aXBOPIOBAH-
Hsl, B KaTaMHe3i HopMaJlizyBaJauch i OyJ10 JOKYMEHTO-
BaHe MOBHE OJy>KaHHS.

V¥ 30,0% niteit KOHCTATOBAHO MTEPCUCTEHLIIIO Map-
KepiB MOUIKOMXEHHS HUPKU 3 BiTHOBIEHHSIM (PyHK-
uii (IHK®>90 ma/min), a'y 18,3% — 3HauHe, cTilike
sHmkeHHs QyHKIil (IIK®<89 mn/MiH) 3 HAIBHUMA
MapKepaMM MOILIKOIXKEeHHsS HUpoK. Lle cBimumio mpo
HasgBHicTb XXH i ciBranano 3 TeHAEHIIi€0 TpeacTaB-
JIEHOIO 3apyOixKHUMU nocaisHukamu. OTpuMaHi aaHi
OyJv MiaATBEpIKEHi pe3yJbTaTaMU PEHOCUUHTIrpadiv-
HOTO JOCJIIXKeHH. Y IMali€eHTiB 3 HasBHUMU a00 BilI-
CYTHiIMU JIaDOpaTOPHUMU MapKepaMu MOIIKOMXKEHHS
HUPOK 3HauyHO 3HWXKyBanack EHII ctanm mi/xB/M2,
Ta yroBiibHIOBaBcs yac ekckpelii POTII. ITpu anani-
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Abstract. The prevalence of hyperprolactinemia in patients treated with hemodialysis
(HD) is 30-65%.

Aim of our work was to investigate the prolactin (PL) level in patients treated with
hemodialysis.

Methods. An open prospective, non-randomized study it was involved 43 patients with
CKD in the VD stage treated with hemodialysis. Criteria for inclusion of patients in
the study were informed consent of the patient to participate in the study, treatment
of HD for more than three months, Kt / V> 1.2; vascular access - AV-fistula. The
exclusion criteria were: refusal of the patient to participate in the study, liver cirrhosis,
acute hepatitis B, C, hypothyroidism, acute coronary syndrome, stroke, pregnancy,
patients with malignant neoplasms; those who systemically receive medications such
as tricyclic antidepressants, monoamine oxidase inhibitors, reserpine, methyldopa,
phenothiazine derivatives, antiemetic drugs (zocrama metoclopramide), dopamine
synthesis inhibitors, and antipsychotics. All patients were evaluated for PL in serum.

Results. Patients treated with HD have reported an elevated PL level in 32 (74%)
patients. The level of serum PL in patients treated with HD was higher compared to the
control group: 47.17 = 32.4versus 11.76 + 4.33 ng/ml (p <0.001). The violation of
the menstrual cycle was 85% in the group of women with elevated PL compared with
20% in women with normal PL (p <0.05). In groups of women and men with elevated
PL level, the Hb level was significantly lower (p <0.05). It was established that the
level of TL had a negative correlation with the level of Hb (r = -0.36; p = 0,02) and a
positive correlation between the level of TL and CRP (r = 0,32; p = 0,03).

Conclusions. The prevalence of hyperprolactinemia in our study was 74%. Violations of
the menstrual cycle were significantly more common in women with hyperprolactinemia
(85% vs. 20%). The increase in the concentration of PL has a negative correlation with
the level of Hb and a positive correlation with the level of CRP, which suggests the
involvement of PB in the processes of chronic inflammation

Key words: chronic kidney disease, hemodialysis, prolactin.
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PiBennb npojakTuny y namieHtiB 3 XXH V cragii, gKi JiKyloThCsl reMOoaia1i3oM
HepxaBHa yctaHoBa «IHcTtutyT Hedposorii HAMH VYkpainu», M. Kuis

Pe3stome: Poznosciodicenicmo einepnposamunemii' y navyicumie, axi aikyiomucs eemooianizom (I1), cmanoeumo
30-65%.

Memoro nawoi pobomu 6yao docaioumu pieenv nporakmuny (I1J1) y nayicumie 3 XpoHiuHON X80p0OOH HUPOK
(XXH) V cmadii, saki aikytomocs T/1.

Mamepiasu ma memoou. Biokpume npocnexmuene neparndomizoeane docaioncenns 3a yuacmio 43 nayieumie 3
XXH V][ cmadii, siki aikytomocs eemodianizom. Kpumepismu exarouerus nayienmie 0o docaioxcenus 6yau: ingpopmosana
3200a x60p0e2o npuiHamu yuacms y 0ocaioxcenti, aikyeanus I/l nonad mpoox micauie, Kt/V>1,2; cyounnuit docmyn AB-
gicmyaa. Kpumepisamu euxaiouenus 6yau: 8iomosa xeopoeo 8id yuacmi y 00caiodicerH i, yupo3s neinku, eocmpi eenamumu
B, C, einomupeo3, eocmpuil KOpOHAPHUII CUHOPOM, 20CHpPe NOPYULEHHS MO3K08020 KP08000icy, 8a2imHicmb, nayieHmu 3
310SKICHUMU HOBOYMBOPEHHAMU; M XMO, CUCMEMHO OMPUMYE MaKi MeOuKameHmu, sk mpuyuKAivyHi anmudenpecanmu,
iHeibimopu MOHOAMIHOOKCUOA3U, pe3epnin, Memuadony, NoXioHi (peHomiazury, npomubaeomui npenapamu (30Kpeama
Memokaonpamio), ineibimopu cunme3sy dogpaminy, Heiporenmuiu. Beim xeopum nposodunu euznavenus I1J1 6 cuposamuyi
Kposi.

Pesynomamu. Y xeopux, saki aikyiomocs Il koncmamosano niosuwernuii pieens I y 32 (74%) nauienmis. Pi-
eenv Il cuposamku kpoei y xeopux, siki aikytomecs /], 6ye euwum nopiensano 3 epynoro koumponro: 47,17 + 32,4
npomu 11,76 * 4,33ne/ma (p<0,001). Hopywenns micaunoeo yuxay ckaaro 85% y epyni scinox 3 niosuueHum pieHem
1T npomu 20% y xcinok 3 nopmanvrum pignem I (p<0,05). Y epynax xcinok ma uonr06ikie 3 nideuujernum pienem ILJ1
docmogipro Huxcuuil pisens Hb (p<0,05). Bcmanosaerno, wo pieensv 111 mae HeecamueHuil KopeasyiiiHuil 36 130K 3 pieHeM
Hb (r=-0,36, p=0,02) ma nozumusruii Kopeaayitinuii 36 s30x mixc pienem ILJI ma CPE (r=0,32; p=0,03).

Bucnosku. Posznosciodncenicmo einepnposakmunemii ¢ Hawiomy docaioncenni ckaanra 74%. Iopywenns men-
CMPYanbHo20 YUKAY 3yCmpiuanocs 00CMOogIpHo yacmiuie y JciHok 3 einepnposakmutemicio (85% npomu 20%). Iliosu-
wenns konyeumpauii IVl mae neeamuenuii 36’330k 3 pienem Hb ma nosumuenuii 36’30k 3 pisnem CPII, wo dozsonse

npunyckamu npuvemnicms ITJI 0o npoyecie XpoHiuro2o 3ananenHs.
KniouoBi ciioBa: xporiuna xeopoba nupok, eemodiani, nposaKmuH.

Beryn. 3rigHo odimiitHux gaHux ctaHom y 2017
polli B YKpaiHi 3apeecTpoBaHO OiJIbII HiX 6,7 THUC. XBO-
pUX Ha XpOHiIYHY XBopoOy HUpoK (XXH), gKi oTpumy-
10Th JlikyBaHHS Temomnianizom (I'1) [1]. 3a naHuMu Ha-
YKOBOI JliTepaTypy MOLIMPEHICTh TiMepnpoJakKTUHEMil
y xBopux Ha XXH cranosuTts Bix 30% no 65% [2, 3].
3a ymoBu XXH mpoaykiig Ta efaiMiHallis TPOJaKTUHY
(IT'UT) 3MmiHIOIOTBCS. BigMiuaroTh HEraTMBHY KOpEsi-
11i10 MiX PiBHSIMU IIBUIKOCTI KJIyOOUKOBOI (pipTpaliii
(IOK®) Tta IJI, inoekcom macu Ttima (IMT) ta I1J1,
piBHeM ¢ocdopy i Kasbiito Ta I1JI, a TakoX MixX HU3b-
KUM piBHEM ajb0yMiHy i remornobiny ta I1J1 [2, 3].

MeTtorw Hamioi po6oTu OyJio DOCTIAMTH pPiBeHBb
npoaakTuHy y nauieHTiB 3 XXH V]I cranii, ki aiky-
IOThCS TEMOTiaTi30M.

Marepiaan Ta MeTOoaM AOC]iXKeHHSA. Bigkpure
MPOCIIEKTUBHE oOcepBalliliHe JOCTIIXEeHHS 3a YYacTIO
43 nauientiB 3 XXH V]I cranii, siKi JiKylOTbCSI T€MO-
Jiai3oM.

ynap Ipuna OnekciiBaa
irina_d@ukr.net

KputepisiMmr BKITIOUEHHSI Malli€HTIB 00 MOOCIi-
JUKEHHS OyJv: iH(opMoOBaHa 3rojia XBOpPOro Ha y4acTh
y JociimxeHHi, JikyBaHHs [/l moHag Tpu Micsli,
Kt/V>1,2; cynuauanii noctyn AB-dicryna.

Kputepisimu BUKTIOUEHHS Oy/lIu: BiTMOBa XBOPO-
ro Bif y4yacTi Y JOCHiIXE€HHi, LIUPO3 IMeUiHKHU, roCTpi
renatuti B, C, rimotupeos3, roctpuii KOpoOHapHUI
CUHIPOM, TOCTpPE TOPYIIEHHSI MO3KOBOTO KpPOBO-
00iry, BariTHICTb, 3JIOSKiCHi HOBOYTBOPEHHSI, TPUHOM
TPULUKIIYHUX AHTUACTIPECAHTIB, iHTIOITOPiB MOHO-
aMiHOOKCUIa3Mu, pe3epIliHy, METWIAOMNHU, IOXiTHUX
(eHOTIa3MHY, MPOTUOIIOBOTHUX 3ac00iB (30KpeamMa
METOKJIONpaMif), iHribiTopiB CUHTE3y nodamiHy, He-
MpOJIENTHUKIB.

Bepudikauis niarnozy XXH Ta o6cgar oocTekeHb
npoBeAcHi 3a pexkomeHmanmismMu K/DOQI (Kidney
Disease OutcomesQualitylnitiative, 2002); HakazamMu
MO3 Ykpainu Ne65/462 Bin 30.09.2003, Ne 593,/2004,
Ne 23/2005, Ne 43/2006, Ne 330/2007, mpoTokoiamMu
HaJaHHSI MeEINYHOI JOITOMOTH 3a cIieniajabHicTio “He-
dpooriss» (Hakaz MO3 Ne 593/2004). KpiM Toro, Bcim
XBOPUM BU3Havau piBHi [1JI, TUpeoTpomHOro ropMmo-
Hy (TTT). Takox npoBeaeHe OMUTYBAHHS MAIiEHTOK 3
MPUBOJY HASIBHUX MOPYIIEHb MEHCTPYATbHOTO LIUKITY.

PiBHi I1JI Ta TTT Bu3HaYa/M iMyHOXiMiYHUM Me-
TOAOM 3 €JIEKTPOXEMITIOMiHECIIEHTHOIO JEeTEeKIIi€0.
PesynbTaTi mopiBHIOBAJIMCH 3 MOKa3HUKaMU piBHs T1J1
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y 20 3mopoBHX 0cCi0, sKi 32 BiKOM BinmoBigaau rpyri
00CTeXyBaHUX MAalli€HTIB.

3abip kpoBi Ha Bu3HauYeHHs piBHs [1JI mpoBoauB-
cs 10 moyatky ceaHcy I'Jl He mi3Hillle HiX yepe3 2 ro-
JVHU Ticys MpoOyIKEeHHS 3paHKy, HalepeaoaHi Oyiu
BUKJIIOUYEHi (hi3UYHi, MCUXOEMOLilHI MepeBaHTaXeH-
H$I, CTaTeBE XUTTS.

ITicnst obcTexxeHHs malieHTH, SaKi JdikyoTbes ',
B 3aJIeXHOCTI Bix cTati Ta piBHs [1JI Oyau po3nijieHi Ha
4 rpynu: XiHKW 3 MiABUILEHUM Ta HOPMAJIbHUM PiB-
HeM I1JI, 4on0BiKM 3 MiABUILIEHUM Ta HOPMaJbHUM
piBHem ITJI.

Ilin yac BUKOHAHHS POOOTU MOTPUMAHI MPUH-
UMY 6i0eTUKM, 3aKOHOAABYMX HOPM Ta BUMOT LIOAO
MpPOBeAEHHS 0iOMEAUYHUX TOCITiIKEHD.

CTaTUCTUYHE OMpALIOBAHHS PE3yJbTATiB MOCHi-
JOKeHHST TTpoBOIMIIM 3a nomomoroto Microsoft Office
Excel 2006 ta makety STATISTICA for Windows 6.0
(Statsoft Inc., CILIA).

PesyabTaTi nociaimkeHHsa. CepenHiil BiK XBO-
pux ctaHoBuB 41,2 + 9.1 p. (Bin 27 no 70 pokiB). 3a
CTaTTIO PO3MO/IiJ XBOPUX OYyB HACTYMHUM: 2() XBOpUX
yostoBiuoi (47 %) ta 23 xBopux XkiHovoi ctaTi (53%).
TpusanicTe nikyBaHHs ['J] ctaHoBUA BiJ 4-b0OX MicCsI-
uiB 10 5,8 (2,57 £ 1,6) pokiB, piBeHb C peakKTUBHOTO
6inky (CPB) 8,93 £ 5,3 mr/a, deputun 233 (168;
423) ur/min, % HacudeHHs TpaHchepuny (% HCT)
21,86 + 48,2%, IMT 23,3 + 3,43 kr/m2, TTT 2,59
+ 0,56 MMO/n, remorno6in (HB) 93,6 = 13,6 r/x.
3a HO30JIOTi€El0 HeniabeTUuyHi 3aXBOPIOBAHHS CKJIa-
nanmu 93% (n = 40), miabGeTuuHi 3axBoploBaHHSI 7%
(n = 3). [linpumennii piensb I1J1 6yB y 32 (74,4%)
ManieHTiB, 3 HUX XiHOK — 17 (53 %), YonoBikiB — 15
47 %).

Kniniko-1abopaTopHi HOKa3HUKY XBOPUX, SIKi Jii-
kyBanucs '] npencrasieHi y Tabauisax 1-2.

Tabauys 1
PiBenb cupoBaTKOBOro npoaakTuny y I'/I XBopux mopiBHSIHO 3 rpynow KOHTPOIIO
Moxasmk Koo, Xsopi s XXH p
ITponakTvH, HI/MII 11,76 + 4,33 47,17 + 32,4 < 0,001
Tabauys 2
Kniniyna xapakTepucTuka J0CTiKYBAHUX NALIE€HTIB 3aJ€XKHO Bil cTaTi
Y O — YOJIOBIiKH JKIHKH
n=20 n=23
Temorno06iH, T/1 98,3 + 3,57* 89,59 + 2,22%*
Bik, poku 43,55 + 2,27 39,2 + 1,57
Tpusamicts ['Jl, pokn 2,16 £ 0,26 2,93 £ 0,38
IMT, kr/m? 24,05 + 0,80 22,78 + 0,67
CPB, mr/n 8,15 £ 1,1 9,61 + 1,17
®DepuTHH, HT/MII 270,6 + 28,5 297,3 + 36,6
%HCT 234 + 1,15 20,52 + 0,87*
TTI, MMO/n 2,23 + 0,16 2,91 + 0,13
IIponakTyH, HT/MII 3422 + 5,14 58,44 £ 7,42%

IMpumiTka: paHi npencrapiaeHiy Buriasaai M £ m, *p<0,05

SIx mpencrasieHo y Tabauui 2, pisenb HB Ta %
HCT poctoBipHO BUIIMII Y YOJIOBiKiB, HiX Yy XiHOK,
110 3YMOBJIEHO CKOpillle 32 BCE HASSBHUMU MEHCTDY-
aJIbHUMU KPOBOBTPATAMU Y XiHOK BPaxOBYIOUH iX Ce-
penHiii Bik 39,2 + 1,6 pokiB. JlocToBipHO BUIIIOIO OYyJia
koHuentpauis IJI y xiHoK, sKi JikytoTbes ['Jl, mopis-
HSTHO 3 YOJIOBiKaMHU.

IMopyleHHST MEHCTPYaTbHOTO UKITY BiIMi4aIOCh
y 57 % xinok (13 oci6).

Y nopansiiomy 6yB IpOBEAEHUI aHai3 y Tpynax
XiHOK Ta YOJIOBiKiB 3 HOpManbHUM piBHeM I1JI Ta mia-
ButiieHUM piBHeM [1J1 (Tabu. 3).

Tabauys 3

AHaJi3 NoKa3HUKIB cepe] YONIOBIKiB Ta XKiHOK y rpynax 3 miaBuuieHuM Ta HopmaabauMm T1LJT

XKIHKH YOJIOBIKH
HokasHuk minBumennm 1T 3 Hopmaibaim I1T mixsrmennm 1T Hopmaashum I1T
n=18 n=>5 n=15 n=>5
Temorno6iH, r/x 85,0 £ 1,5 105,8 £ 2,9* 91,1 £2,5 115,0 £ 6,7**
Bik, poku 37,8 = 1,43 442 £ 4,86 442 +293 41,83 + 3,47
40 OpUriHOABHI HOYKOBI POBOTU YKPAIHCBbKMIN XYPHOA HEPROAOTIT TO Aiaaizy N23 (59) 2018
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IIpoodosicenns mabauyi 3

KiHKH Y0JI0BIKH
Moxasunk migsumennm I1JT 3 HopMaJibHuM T1J1 migsumennm 1T HopmasbHuM T1JT
n=18 n=>5 n=15 n=>5

Tpusaricrs 2,99 + 0,47 2,70 + 0,59 2,12 40,34 2,25 40,43
I, poxku
IMT, kr/m? 22,27 £ 0,8 24,6 £0,74 23,6 £ 1,07 25,0+1,0
CPBb, mr/n 10,66 £ 1,37 5,08 £ 1,24 9,5+ 1,35 5,0x1,15
®eputrH, HI/MI 320,83 + 44,6 212,8 + 34,6 297,4 + 37,6 208,0 24,2
HCT, % 20,77 £ 1,05 19,6 =+ 1,43 22,57 £ 1,29 25,3 £2,33
TTI, wMMO/n 3,14 0,11 2,06 £ 0,12* 2,25+0,25 2,17 +£0,23
[MponakTuH, Hr/MII 69,38 + 7,64 19,08 £+ 1,94* 43,07 =+ 5,92 13,55 £ 0,51**
Mopymets 12 (85%) 1(20%)* - -
MEHTCPYaJIbHOTO LUKy

*p<0,05 MixX rpynaMu XiHOK 3 MiABUILEHUM Ta HOpMaJbHUM piBHsAMU [1J1

**p<0,05 MixX rpyriaMy 90JI0BiKiB 3 MiIBUIIICHUM Ta HOpMaJbHUM piBHSIMU T1J1

3 Tabj. 3 BUAHO, 110 cepel KiHOK y TPpyMi 3 i~
BuieHuM piBHeM I1JI mocToBipHO BUIIMM OYB piBeHb
TTT 3,14 £ 0,11 MMO/n nipotu 2,06 £ 0,12 MMO/n
(p<0,05) Ta HIxunM piBeHb HB 85,0 £ 1,5 r/m mpo-
™ 105,8 £ 2,9 r/n (p<0,05). ¥ binbioi vacTuHM Xi-
HOK (85%) 3 miABUILEHUM piBHEM IIPOJIAKTUHY OyJIu
3adikcoBaHi MOPYIIEHHS MEHCTPYaJbHOTO LIUKIY. Y

91,1 £ 2,5 r/n npotu 115,0 = 6,7 r/a (p<0,05). I'pynu
Oy iIeHTUMYHUMU 3a BiKOM, CTaTTIO, TPUBAJIICTIO Ji-
kyBanus ['l, IMT, %HCT, depururom, CPB.

HacrynHum etanom Haiioi po6oTu 0ya0 BUBUEH-
Hs 3B’93Ky Mix piBHsgmu [1J1 i Hb. BcranosneHo, 1o
I1JI maB HeraTUBHUI KOpENSALiMHNI 3B’I30K 3 piBHEM
Hb (r=-0,36; p = 0,02) (puc. 1).

yoJioBiKiB 3 nigBuineHuM I1JI 6yB HuxkunM piBeHb HB

KopensiuiHnin 38'a3ok mixx MJ1 Ta piBHeM remornoGiHy

140 .
r=-0,36; p = 0,02
120 t Q
O
o] [e]
[e]
100 o

N, Hr/mn

70 80 90 100 110 120 130 140 150

FemornoGiH, r/n

Puc. 1. Kopensuiiitnuii 38’5130k Mix piBHeM I1J1 Ta piBHeM reMoriOiHy B KpOBi XBOpUX, 5IKi JlikytoTbes [/1.

rinepnpoiakTuHeMmii y xBopux Ha ['Jl 3a jaHuM#M Ji-
tepatypu [2, 3]. Lle Moxe 6yt 06yMOBJIEHE HEBEIH -
KOI0 MOMYJISIi€l0 Mali€HTIB, IKa JOCIiAXyBanacs, Ta
noTpedye OibI MaCIITAOHUX AOCHIAKEHb.

BcraHoBieHO TIpSIMUIT KOPENSIiiHUN 3B’ SI30K
mix pisaem I1JI ta CPB (r = 0,32; p = 0,03) (puc. 2).
OOroBopeHHsA. B Hamowmy gociimKeHHI MigBH-
meHuii piBeHs I1J1 6yn10 KoHcTaToBaHO y 74% malti-
€HTIB, 1110 MEPEBUILYE pO3MOoBCcIoaXeHicTh (30-60%)
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r=0,32; p=0,03
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Puc. 2. Kopenguiitanii 38’130k Mixx pieHeM I1J1 Ta piBHeM CPb B KpoBi xBopuX, siKi JikytoTbes 1.

V mauientiB 3 XXH nomipna I'TlJI mop’sa3aHa 3
MopylIeHHsIM BuBelneHHs Hupkamu I1JI, posnamamu
LHeHTpalabHOol perynsuii cekpeuii I1JI Ta BukopucraH-
HSIM JeaKuXx dikiB [2, 3]. JloBeneHo, 110 Y XBOPUX, SIKi
JnikywoTbes I, mpubausHo y 3 pa3u BUIIA CEKpELlis
T1JI nopiBHSIHO 3i 3M0pOBUMHU 0COOAMU, 1110, iIMOBIpHO,
OOYMOBJIEHO 3HMXXEHHSM 30aTHOCTI nodaMiHy MNpu-
rHiuyBaTu cekpelito I1JI 3a paxyHOK KOHKYPEHTHOTO
3B’SI3yBaHHSI YPEMiUHMX TOKCHUHIB 3 JodaMiHOM, pe-
HenTopamu 10 nodamMiHy abo 3 MOCTpPEeLENTOPHUMU
nopyueHHsIMUA. MeaukaMeHTo3Ho-iHAyKoBaHa I'TIJI
BUHMKAE MPU 3aCTOCYBaHHI METOKJIOIIpaMily, pUCIIe-
pUTOHY, (epuUTHAa3iHiB 3a paxXyHOK aHTUAO(PaMiHOBUX
edeKTiB UX MpernapaTiB. ¥ cepeaHbOMY MpU NpUiiomi
aHTUncuXoTnyHuX JikiB I'TIJI 3ycTpivaetbes y 38-81%
TMallieHTiB, BepanaMiny — 8,5%, opajlbHUX KOHTpalleIl-
TUBIB 3 BUCOKMMH J03aMU eCTporeHis - 12-30% [4].

BcraHnosneHo, mo npu I'TIJI BigMidyaeTbes mopy-
LLIEHHSI MyIbCYI0Y01 CeKpellii TOHaAOTPOITHUX TOPMOHIB
(I'TT), 30Kkpema 3MiHa YaCTOTH iMITYJIbCiB JIIOTEIHI3yIO-
yoro ropmoHy (JII'), pe3uCTeHTHICTh IEYHUKOBUX pe-
uenrtopiB go JII', 3MeHILIeHHSI CUHTE3Yy MPOTreCTepOHY
KJIiITUHAMU TPaHy/JIbO3U, MPUTHIYEHHS 3aJIeXXHOI Bif
(G OAIKYTOCTUMYJTIOIOUOTO TOPMOHY OBapiajbHOI apo-
MaTasM, 10 BUKJIMKA3 3HVKEHHS MPOMYKIIii ecTpore-
Hy. ¥ vosogikiB I'TIJI Bene no mocuneHHs MPOsIBIB Ti-
noroHaausMy, nepiuuty tecroctroctepony (Tc), skuii
MOB’s13aHUi 3i 3pocTaHHsAM iHaekcy Macu Tina (IMT),
BUHUKHEHHSIM aT€POCKJICPOTUYHOI OJIAIIKM, 3aIaleH-
HSM, CEpLEeBO-CyAMHHUMU 3axBopioBaHHsIMu (CC3),
CMEPTHICTIO, BAHUKHEHHSIM TiIHEKOMACTI1 i ceKCyaJlbHOI
nucdyHkuii [4]. YV xinox I'TIJI BUKIMKaE raJakTopero i
MOPYIICHHS MEHCTPYaJIbHOIO LIUKITY, YaCTO aMEHOPEIO.
Ho Toro x, IlJI perymioe cekpelilo HaAHUPHUKOBUX
aHaporeHiB, Tomy 10 40% xBopux 3 I'TIJI MatoTh mo-
PYILIEHHS ceKpellii i MeTaboJ1i3My aHAPOreHiB, 110 Bele
J0 KJIiHIYHUX TPOSBiB TinmepaHAporeHii (ripcyTusmy i
aKkHe), POpMYBaHHIO CKJIEPOKICTO3HUX A€YHUKIB [4].

Ha panwuii yac masno BigoMo 1po Hacaigku I'TIT y
nauieHTiB 3 XXH. ¥V aesakux 1oCaiIKeHHsIX BigMivyaaiu

HeraTuBHY Kopesiiito Mix piBHsamu I1JI ta mBuakic-
Ti0 KJIy0oukoBoi ¢inbTpalii, I1JI Ta piBHeM dochopy
i kanbuito, ITJI Ta HU3bKUM anboymiHoM i T1JI Ta piB-
HeM remorio6iny (Hb) [3]. In vitro ITJI monenioBaB
3alajbHy peakililo, CTMMYJIIOBaB aare3ir0 MOHOHY-
KJI€apHUX KJIITMH OO0 €HOOTEJiI0 Ta IOCHIIOBAB IIPO-
Jnidepanio M’SI30BUX KJIITUH y cyauHax. B ogHoMy 3
MOCTiIKEHb TTOKa3aHO 30iIbIIEHHSI PU3UKY CEPIIEBO-
CYIMHHUX TIOAIN y Heiallialli3HUX NalieHTiB Ha 27%
Ha koxHi Ha 10 Hr/mna migBuineHHs I1JI (BimHoIIEH-
s pusukis [HR], 1,27, nosipunii iHTepBan 95% [95%
JI], 1,17-1,38). AHanoriyHUM YMHOM, PU3UK CMEPT-
HocTi Bin ycix mpuuuH i CC3 y nanienTiB Ha '] 3pic Ha
12% (HR, 1,12, 95% A1, 1,06-1,17) i 15% (HR, 1,15,
95% 11, 1,08-1,21), BiznosimHo. PisHi I1JI, 6e3moce-
PEIHbO TOB’SI3aHi 3 €HAOTeNiaIbHOI NUCHYHKIIiE,/
JKOPCTKICTIO MioKapny, MiABUILEHUM PU3UKOM ceplie-
Bo-cynuHHuX noxiit mpu XXH. IlinBuieHa ekcrpecis
peuentopiB I1JI 6yna BusiBieHa B aTepPOCKIEPOTUYHUX
OnsmIKax JIOOWMHU. Y TMOMNepeaHiX AOCTIIKEHHSIX Ha
CBUHSIX IPOACMOHCTPOBAHO perioHajbHi Ba30KOH-
ctpukTopHi edektu I1JI yepes PB2-agpeHepriuHi pe-
LIETITOPY Ta OKCUJT a30TY, YMM i MOSICHIOIOTh MiJABUIIIE-
Huit cepueBo-cyauHHu pusuk npu ['TIJI. OxkucHui
cTpec moB’si3aHuil 3 posieruieHHsM [1JI Ha aHTUaH-
rioreHHy, TMpPOAamoNTOTHYHY i Tpo3anaiabHy 16-kD-
¢dopmy, siKa MOXKe iHilliloBaTH YCKJIaAHEHHS OB’ sI3aHi
3 aTepOCKJIepo30oM. [ineprposakTMHEMIsI TAKOXK MOXe
OyTM HACJiZKOM 3HMXEHOI IOoMaMiHepriyHOi aKTUB-
HOCTI, sIKa TPUBOAUTH A0 BUBIJILHEHHSI HOpeIiHeDpu-
HY i HECIIpUSTIMBO BIUIMBAE Ha €HAOTEialbHy IUC-
¢yHKUiO, cnpuse rineprpodii miokapay, A Ta iH.
CC3[3, 5]. Yacro migBuiieHHs pisHg I1JI BigMiva€eTh-
¢Sl IPU TiMEPTOHIUHIM XBOPOOI, illleMiYHUX iIHCYIbTaXx,
TPaH3UTOPHUX ilIEMiUHMX aTakax, IMpeeKJaMIICii, Imifg
yac roctpoi ¢a3m KOpPOHAPHOTO CUHAPOMY, Bimirpae
pOJIb Y PO3BUTKY CEPLIEBOI HEAOCTAaTHOCTI, CYIIPOBO-
JUKY€E TCIoIoroBy Kapaiomionarito [5]. Pieai I1JT
YacTo nepeadavyav OCHOBHI ceplLeBO-CYAMHHI TTOIii y
YOJIOBIKiB 3 epeKTHIbHOI0 aucdyHKUielo. Kinbka He-
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JaBHO TMPOBEAEHUX AOCHIIXEHb AEMOHCTPYIOTh, IIO
nigsuineHuii ITJI npuiimae yyactb y popMyBaHHi pe-
3UCTEHTHOCTI 10 iHCYJIiHY.

I'TIJT Mmoxe mocuIoBaTU MPOSIBU TiMOTOHAAU3MY.
Kopexkiiisi i1 OpOMKPUNITUHOM BiTHOBJIIOE MEHCTPY-
anbHy GdyHKio. [Tpu TpuBaiii MeIMKaMeHTO3HO-iH-
nykosaHii I'TIJI 3 rimoroHaau3MOM Ta OCTEONIOPO30M
PEKOMEHIOBaHE MPU3HAUYEHHS MpenapaTiB eCTPOreHy
yu Tc [6].

Busisneni y I'Jl xBopux HEraTUBHUI KOpEJSILiii-
HUI 3B’30K piBHIB remorio6iny ta I1JI Ta mo3uTus-
Huil kopensuiinuit 38’130k CPb 3 I1JI Bka3ywoTh Ha
MOXJIUBY POJib, SIKY BilirpaloThb TOPMOHAJbHI MOPY-
LIEHHS y Aialli3HUX XBOPUX B PO3BUTKY aHEMii Ta Mpo-
1eciB XpoHiuHOro 3amnajneHHs. Bce 1e morpebye mo-
JaJIbIIIOTO BUBYEHHS.

BucHoBku:

Po3mnoBcioakeHicTh TinepnpojakKTUHEMii y XBO-
pux Ha XXH V I'/l cranoButs 74%.
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Abstract. The objective of the present study was to compare age-related oxidative
stress in pediatric and adult patients with pyelonephritis.

Methods. This research is focused on the age features of change of oxidant-antioxidant
parameters and intensity of oxidative stress (OS) in the blood of 252 adults and 123 of
pediatric patients with pyelonephritis. The control group consisted of 68 healthy donors
of the same age. Along with the standard diagnostic methods, we defined the content of
malonic dialdehyde in serum and erythrocytes, the content of ceruloplasmin, transferrin

and SH-groups in the blood serum, the index of the OS, activity of glutathione reductase,

glutathione peroxidase and total peroxidase activity in erythrocyte. Statistical analysis
was performed using the programs Statistica 10 for Windows and “MedCalc”.

Results. Our results confirmed the increase of concentration of malondialdehyde and
protein carbonil groups in the blood and decrease of antioxidant markers, namely:
concentration of transferrin, different factions of thiol groups, the total peroxidase
activity in erythrocyte, and the activity of glutathione reductase and glutathione
peroxidase. The increase of the activity of the oxidation of lipids and proteins due to
lower indices of antioxidant protection (content of transferrin, thiol groups, the total
peroxidase activity in erythrocyte, the activity of glutathione reductase and glutathione
peroxidase) was characteristic for patients with chronic pyelonephritis. The highest
intensity of OS and concentration ceruloplasmin in serum, were observed in the acute
pyelonephritis. The highest activity of lipid peroxidation and low antioxidant protection
of the blood are characteristic of pediatric patients.

Conclusions. Thus, the intensification of OS depends on the age of the patients with
pyelonephritis.

Keywords: oxidative stress, antioxidant system, pyelonephritis, patient age.
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JI.B. Kopoan, H.M. Crenanosa, O.B. JlaBpenuyk , JI.fl. Muraan

BikoBi 0c00/1MBOCTi OKCHIATUBHOI'O CTPeCY Y NAIi€HTIB 3 Mi€JIoHe()pUTOM
Y «Inctutyt Hedposorii HAMH Ykpainu»

Pesiome. Memoio nauioi po6omu 6y10 nopieHamu NOKA3HUKU OKCUOAMUBHO20 cmpecy dimeil ma 0opocaux Xeo-
PUX Ha nieaonegpum.

Memoou. lle docaidxncennsn 30cepediceHo HA GiKOBUX 0COOAUBOCMAX 3MIH OKCUOAHMHO-AHMUOKCUOAHMHUX Na-
pamempie ma inmerncusHocmi oxcudamuerozo cmpecy (OC) y kpogi 252 dopocaux ma 123 dimeii 3 nieroneppumonm.
Koumponwvry epyny cxkaaau 68 300posux 0oropie 00Ho2o 6iky ma cmami. Ilopso i3 cmandapmuumu diaeHocmuuHUMU
Memooamu 8U3HA4ANU KOHUEHMPAayii MAA0H08020 diarboecidy y cuposamui Kpogi ma epumpouumax, uepyaoniasmity,
mpancgepuny ma SH-epyn y cupoeamuyi Kpogi, 6uzHa4aiu aKkmueHicms eaymamionpedykmasu, enymamionnepoxcudasu
ma 3a2anvHy aKMUGHICMb NepoKcuoasu 6 epumpoyumax, pospaxosyeanu indexc OC. Cmamucmu4ruii aHaniz npogooue-
cs1 3a donomoeoro npoepam Statistica 10 dns Windows ma «MedCalc».

Pesyaomamu docnioncenns niomeepounu niosuuieHHs KOHUeHmMpayii MaioHo802o 0ianvoe2ioy i KapOOHINbHUX
2pyn BINKi8 y Kposi ma 3HUNCEHHs AHMUOKCUOAHMHUX MApKepie, a came: KOHUyeHmpauii mpancgepuny, pisHux paxyii
mionoeux epyn, 3a2anbHoi nepoKcudasHoi aKkmueHoCmi 6 epumpoyumax, aKmueHocmi enymamionpedykmasu i enyma-
miounepokcudasu. 30inbuieHHs aKmMueHoCmi OKuUCAeHHS Ainidie ma 0inkie Ha mai 3HUNCEHHS NOKA3HUKIE AHMUOKCU-
JanmHoe0 3axucmy xapaKkmepHe 045 NAUIEHMI6 3 XpoHiuHUM nieaoHegppumom. Haibirowa inmencusnicms OC ma KoH-
UeHmMpauis yepyaoniasminy 6 cupoeamui cnocmepieanracs y 00pocaux nayicHmie 3 eocmpum nieaonedppumom. Haiisuwa
AKMUBHICMb NePeKUCHO20 OKUCAEHHS Ainidie ma HU3bKUL piéeHb AHMUOKCUOAHMHO20 3aXUCHY KPOGI XapakmepHi 045

nediampu4nux nayicHmis.

Bucnosku. Takum uunom, inmencugpixauis OC 3anexcums 8i0 8iky nayieumis.
Kiro40Bi ciioBa: oxcudamuenuii cmpec, aHmuokcudaHmua cucmema, nieaonegpum, ik nayicumis.

Beryn. Ha chorogni Bimomo, 1110 mporiecu OKHC-
HEHHS — 1Ie YacThHa 6araTboX XXUTTEBO BaXJIMBUX MPO-
1eciB B opradismi ymogunu [1, 2]. AKTUBaLis mpoLecis
OKWCHEHHSI € YHIBEpCAJIbHUM MEXaHi3MOM pO3BUTKY
TATIOBUX TIATOJIOTIYHUX TMPOLECIB i yCiX MOB’I3aHMX 3
HUMH 3aXBOPIOBaHb HHUPOK, OCOOJMBO 3aMlaJIbHOTO Te-
He3y, OCKIUJIBKM YpaxKeHHSI HUPKU BilOYBA€ThCSI BHACITi-
JTIOK MpsIMOI Ail 6akTepii, rinoKcii adbo 3amajbHO1 peakilil
[3-5]. YTBOpeHHs1 aKTUBHUX MeTab0JIiTiB KucHI0O (AMK)
TaKOX € aKTUBHUM 3aXHCHUM MeXaHi3MOM, OCHOBOIO
HecnelniyHOro iMyHiTeTy; (ParoluTo3 Npu3BOAUTH 10
bGaraTopa3oBOro 30i/IbIIIEHHSI BMICTY BiUIbHUX paavKalliB
y (GaromuTyIounx KITHUHAX 3 OJHOYACHUM ITiIBUIICH-
HAM CIIOXUBaHHSA KUCHIO [2]. MoHouuTH Ta Makpoda-
Y, 110 MITPyIOTh OO0 TKAHWH Y BiAIOBiIb HA Jil0 iMyH-
HUX KOMILJIEKCIB, 30aTHi TakoxX npoayKyBatu AMK, 1o
MIPU3BOIATH IO TIOIIKOKEHHS KIITHH HUPOK [6-9]. He-
CBO€YacHe OJIOKYBaHHSI MPOLECIB OKMCHEHHSI MiACUITIOE
HeraTuBHUM BB AMK Ha KJIiTUHM HUPOK Ta CIPUSIE
po3BuTKy okcrarusHoro crpecy (OC) [7, 8, 10].

[Tienonedpur (ITH) sBiste coboro GakTepiaabHO-
00yMOBJIEHE 3amajieHHSI iHTepCTULIiI0O HUPOK 3 (OopMy-
BaHHSIM PYOLIiB i HACTYITHUM YPaXKEHHSIM YCiX CTPYKTYp
HedpoHa [4, 6]. 3a yMOB pO3BUTKY 3allajeHHS HaaMip-
HE YTBOPEHHS ITEPEKUCHUX PaIMKalliB, SIKi BCTYHAIOTh
Y B3aEMOJII0 3 Pi3HUMU KIITUHHUMH KOMIIOHEHTaMM,
MNPU3BOANTH IO YACTKOBOTO PYMHYBaHHS KIITHMHHMX

Kopoan Jlecs BikropiBaa
lesyakorol@meta.ua

CTPYKTYp, a YTBOPEHi aKTMBHi MeTa0OJIiT KMCHIO Bpa-
XKaloTh HE TIIbKM OakTepii, ajie, iHilliloI0ouM IIpOLIECU
OKWMCHEHHS, YIIKOIKYIOTh TKAHWHU HUPKMU.

MeTo010 po6GOTH 0YJI0 BUBHAYUTH BiKOBi 0COOIMBOC-
Ti inTeHcuBHOCTI OC y xBopux Ha ITH.

Marepian i Mmeroau mocaimkeHHs. B po6orti mpo-
aHaIi30BaHi Pe3yabTaTH JOCTimMKeHHS moka3HukiB OC B
kposi y 108 manienris 3 rocrpum ITH ta 267- 3 xpoHiu-
HuM ITH 6e3 nopymenHs ¢yHkiii Hupok. Cepenr 0o6cTe-
JKEHUX XBOPHUX OyI0 252 HOpOCIMX MallieHTa BiKOM Bif
18 mo 55 pokiB Ta 123 muTrHY BiKOM Bim 5 10 14 pokiB,
SIKi TepeOyBaii Ha 0OCTeXKeHHI Ta JIiKyBaHHI JlepxXaBHiii
ycraHoBi «IHcTutyT Hedposaorii HAMH Vkpainn». Pe-
3yJIBTATU TIOPIBHIOBAIM 3 JAaHUMHU KOHTPOJIBHOI TPYIIH,
Ky ckitanu 40 mopocnux ocib BikoM Bif, 18 10 55 pokiB Ta
28 miteii (BikoM Bix 5 mo 14 pokiB).

I1ig yac BUKOHaHHS poOOTU JOTPUMYBAIMCS TIPABUIL
Oe3IeKu NalieHTiB, 30epexXXeHi IpaBa Mali€HTIB, a TAKOX
MOPaJIbHO-€TUYHI HOPMHU Y BiTIOBIZHOCTi 4O OCHOBHMX
nosnoxeHb GSP (1996 p.), konBenuii Pagu €Bpomnu mpo
mnpaBa JIOOUHU Ta OioMenuuuHy, ['eIbCMHCHKOIL JeKiia-
pauii BcecBiTHBOI MEIUUYHOI acoliallii Tpo eTUYHI IIPUH-
LIMIIM TIPOBEACHHSI HAYKOBUX MEAMYHUX TOCTIIKEHD 3a
yuactio moauHu (1964-2000 pp.) i Hakazy MO3 Ykpai-
HI No 281, No 523, eTMIHOTO KOIEKCY YUEHOIO YKpaiHi
(2009 p.). ¥Yci malieHTH Hagaay MIChbMOBY iH(OPMOBaHY
3rojly Ha y4acTh y JOCHiIKeHHi. [IpoTokomn gocmimkeHHSs
OyB cxBasieHuin Komiciero 3 6ioeTrku Ta aeoHTosorii Y
«IHCcTUTYT Hedbpomorii HAMH Ykpainm».

KputepissMu BKIIOYEHHS NALIIEHTIB Y TOCIIiIKEHHS
OyJIM: HasIBHICTb KJIIHIYHUX O3HAK 3aXBOPIOBAHHS (IU3Y-
pist, 9acTe CEYOBUITYCKAHHS, ITIABUIIICHHS TeMIIepaTypH
TiJIa, BiTUyTTsI OOJIIO i TSLKKOCTI B KOCTOBEPTEOpaIbHUX
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KYTKY i iHIlIi), JeKoLuTypid i 6baktepiypid. Kpurepisimu
BUKJTIOUEHHSI OYJIM: BiTMOBa XBOPOTO Bifl y4acTi B JOCJTi-
JDKEHHI, BariTHICTb i Mepiof JJaKTallil, 03HaKU 0OCTPYKIIil
CEYOBOI CHCTEMM, 3HUKEHHS LIBUAKOCTI KITyOOUKOBOL
dinprpauii <60 mi / xB.

V¥ 60 mauienTiB miarHoctoBaHo 3 roctpuii ITH, 3a
SIKUM BBaxkaju Mepluvii emizon GakTepiaibHO-O00YMOB-
JIEHOTO YpaXkeHHSI iHTepCTULil0 HUpKU. Y 188 maliieHTiB
niarHoctoBaHo xpoHiuHuii ITH.

KinbkicHe BuU3HAuYeHHs1 OakTepiii MPOBOAWUIU
LIJISIXOM TOCiBYy MaTepiany Ha TBepi MOXUBHI cepeo-
BUIlla — KpOB’siHUi1 arap Ta arap Cabypo 3a Pomoma-
HoM. UyTnuBicTh 6aKkTepill 10 aHTUOIOTHUKIB BU3HAYA-
JIU METOIOM CTaHJAPTHUX AUCKIB.

Komriekc o0cTexXeHHsI, OKpiM 3aralibHOMpPUIAHS -
TUX METOJVK, BKJIIOYaB BU3HAYEHHS B CUPOBATLI KPOBi
KOHILIEHTpalii MajioHoBoro gianpaerimy (MJIAc), kap-
ooninbHUX rpyn mnpoteiHiB (KITIc), wuepynoriasmi-
Hy (LIIIC), tpanchepuny (TPC) ta cyapdrinpuabHux
(SH) rpyn [11], y epuTpoLiuTax BU3HAYAIA: KOHIIEHTpA-
uiro MIA (MAe), KapOOHITBHUX TPYM TeMOIJIO0iHY
(KTI'TlIe), cymapHy nepokcuaasHy aktuBHicTh (CITAe),
aKTUBHICTh riuyTaTioHpeayktasu (I'Pe) i mryraTtionme-
pokcunasu (I'Tle). PozpaxyHok IOC B cupoBarili KpoBi

MIPOBOIMIIN 3a HacTymHoIo hopmyrioro: IOC = [(MOAx /
MJAx+ KI'TIx/KI'TIk)/2]: [(UTTx / Ik + TPx / TPx +
SHx / SHk): 3], ne IOC — iHmeKc OKCMIATUBHOTO CTPECY;
MAx — koHLeHTpalist MJIA B KpoBi y xBoporo; MJIAk
— KoHLeHTpalisd M/IA B KpoBi y MalliEHTIB B KOHTPOJIb-
Hoi rpynu (cepenHe 3HaueHHs ), KI'TIx — koHLeHTpalist
KTTI B kpoBi y xBoporo; KI'TIk — konueHtpauis KI'TI
B KpOBi y MalliEHTIB KOHTPOJBHOI Ipymnu (CepeaHE 3Ha-
yeHHs1) IIIx — koHuenTpauis LIIT B KpoBi y XBOporo;
LIk — xkoHueHtpauis LIIT B KpoBi y MallieHTiB KOHTP-
OJIbHOI TpyIu (cepeaHe 3HaueHHs) TPX — KOHILIeHTpallist
TP B kpoBi y xBoporo; TPk — koHuienTpaiiiss TP B kpo-
Bi Y MAIliEHTIB KOHTPOJIBHOI IPYNU (CEpeHE 3HAYCHHS)
SHx — xoHuenTpauis SH-rpyn B kpoBi y xBoporo; SHk
— KoHueHTpauiss SH-rpyn B KpoBi y Mali€HTiB KOHTP-
OJIbHOT Tpymu (cepenHe 3HaueHHs) [12].

CTaTUCTUYHY OOpPOOKY OTpUMAaHUX pPe3YJbTaTiB
MIPOBOAWIN 3a JOIOMOTOI0 mporpaM «Statistica 10 for
Windows» i «MedCalc».

Pe3yabTaTi aociimKeHHSA. AHani3 OTpUMaHUX
JaHUX TPOJAEMOHCTPYBAaB 30iMbIIEHHS iHTEHCUBHOC-
Ti OIT Ta 3mMiHuU cknagoBux cucteMu AO3 y nalieHTiB
3 [IH mopiBHSHO 3 YMOBHO-3AOPOBMMHU TOHOPaMU
(tabn. 1, 2).

Tabauys 1
IToka3HMKM AKTHBHOCTI MpoIeCiB OKCUAAIIII Y KPOBi XBOPHUX HA Mi€0He(pUT
Hopocni (Bik 18-55 pokiB) Litn (Bik 5-14 pokiB)
Moka3HuKK KoHTponbHa o — KoHTponbHa - I P, .
(Mzm) rpyna Toctpuii MH | XpoHi4uuia NMH P, rpyna Toctpuii MH | XpoHi4uuii MH P::
1 rpyna 2 rpyna 3 rpyna 4 rpyna 24
1 2 n=40 n=>60 n=188 n=28 n=>58 n=92
= P.,<0,02
=4 128, 20 + 372,40 20,20 | 269,30 £ 11,40 488,54 + 24,23 | 415,45 £ 17,34 $4° 0
; MOAc (MkM) 21.20 DK<0,01 pK<0,01 P,,<0,01 | 117,21+ 28,56 Dk<0,01 pK<0,01 PP1_3<0,01
= ,.< 0,001
g 1,960+ 0,170 | 1,795+ 0,233
S KITc (MkM) 1,132+0,182 DKk<0,01 Dk<0,01 1,090 + 0,780 | 1,922 + 0,288 | 1,260 + 0,257 P, ,<0,02
= 549,30 + 798,51 22,30 | 626,41 + 24,33 659,45 + 37,38 | 688,78 + 25,56
s MIOAe(mkM) 30.20 pk<0,01 0K<0,05 P,,<0,01 | 518,45+ 3396 DK<0,01 0K<0,01 P ,<0,01
U'E:L KrTe (ym/r) | 0,709+0,018 | 1,108 £ 0,038 | 1,048 + 0,009 0,778 £0,207 | 1,255+0,078 | 0,999 + 0,076 P,,<0,05

ITpumitku: *pk<0,05 - BiporinHa pi3HUILIS 3 TOKa3HUKAMU Y KOHTPOJIbHI Ipyni yMOBHO-310poBUX oci0; pl-2 <0,05-
BiporigHa pi3HUIIS MixX TTOKa3HUKaMU y TpyTiax.
Tabauys 2
IToka3HMKM AHTHOKCHAAHTHOTO 3aXMCTY Y KpOBi Ha miejoHedpuT
Hopocni (Bik 18-55 pokiB) Lty (Bik 5-14 pokiB)
"'(’I'\‘na;_:’“n:;‘" K“';L‘%’;"“a FocTpuii H | XpoHisswii TTH o ':‘;“FTS“,’;: FocTpuii H | XpoHisnwii MTH Pav
1-2 1.3
1 rpyna 2 rpyna 3 rpyna 4 rpyna 24
1 2 n=40 n=_60 n=188 n=28 n=>58 n=292
0,304 + 0,020 01920012 | Tge< 0001
UMe (r/n) 0,218+ 0,010 """~ 0,201 + 0,021 P.,<0,01 0,226 +0,038 | 0,259+0,015( "=~ P. ,<0,01
PK<0,01 2 P < 0,01
24>
< 5,778 + 0,502 | 2,957 +0,218 5328 +0,178 | 3,078 £ 0,227 P,,<0,01
g| TPe () 4,162 + 0,08 pk<0,01 0K<0.02 P, <001 | 4236+0767| "\ e DK<0.01 Pi:<0,01
=3 : 1,918 £ 0,009 | 1,876 + 0,027
s = 3aranbHi | 2,218+ 0,018 DK<0,05 DK<0,02 2,088 + 0,120 | 1,846 £ 0,020 | 1,742 + 0,045
=
= . ) 0,609 + 0,056 0,618 + 0,056 | 0,586 + 0,045
z Hebinkosi | 0,778 £ 0,086 | 0,588 + 0,027 0k<0,05 0,760 + 0,045 DK<0,05 DK<0,02
6inKoBi 1,440 £+ 0,034 | 1,328 £+ 0,220 | 1,378 + 0,034 1,338 £ 0,090 | 1,239+ 0,042 | 1,168 £ 0,154
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IIpoodosicenns mabauyi 2

Dopocni (Bik 18-55 pokiB) Ditv (Bik 5-14 pokis)
Moka3H1KN KoHTponbHa o A KonTponbHa o I P, .,
(M= m) rpyna FocTpuii MH | Xponiyuwii MH P, rpyna TocTpuit MH | XpoHivuwii MH P::
1 rpyna 2 rpyna 3 rpyna 4 rpyna 24
1 2 n=40 n=>60 n=188 n=28 n=58 n=92
16,958 + 15,037 + 18,423 15,875
saranehi | 2YA%E 0118 0517 P,<005 | 2500 +0,779 +0,585 P, < 0,05
s ’ pK<0,05 pk<0,02 ’ pk<0,05 pK<0,01
= n 8 3,510+ 0,218 4,650 3,788 + 0,206 P,,<0,05
< Hebinkosi | 5,278 £ 0,980 | 3,722 + 0,248 Dk<0,05 5,219 £0,779 0,378 0k<0,01 P31.43<0'05
w
= 13,259 11,527 17365 + 13,752 12,088
s Ginkosi | 15,94+0,956| 0,222 +0,186 P,,<0,05 T +0,578 +0,478 P, < 0,05
g Pk<0,05 pk<0,01 ’ pk<0,01 Pk<0,01
=3 ClMAe 7,622 + 6,342 + 0,188 5,583 £ 0,333 | 5,029 + 0,183 P. ,<0,01
“'1 (wkxkar/ r Hb) 0342 | 73980158 T 01 Pip <001 | 7,93320497) ™0 01 pK<0,01 P, < 0,01
18,102 + 17,825
25,338 28,333 + ' 23,579 + 23,327 + ’ P,,<0,05
fPe (kat/rHb) |, 5337 3,334 pgfo% P, <0.01 0.416 1308 ;K‘l(]?ﬁ P. <005
(MKK;I;I/?' 7 M | 6209:026 5’03@%’11 0 p <001 | 55760366 42?&3’%';’16 50330415 P, <001
IMpumitkn: *pk<0,05- BiporigHa pi3HMIIA 3 TOKa3HUKAMK Y BiKOBiii KOHTPOJIBHIM IpyITi YMOBHO-3I0pOBHX OCi0; pl-2, 2-4,

1-3, 3-4<0,05- BiporigHa pi3HULISI MiX ITOKa3HUKAMU y rpyIax

Tak, B kpoBi xBopux Ha ITH cnoctepiraersb-
Ccs 3pOCTaHHSl KOHILIEHTpallii MPOIYKTiB OKMCHEHHS
(MJA i KI'TT) ta 3miH010TBCSI MapaMeTpu AO3. AHa-
ni3 ctany O/A OGamaHcy kpoBi y aiteit 3 [TH BcTaHo-
BUB MiABUILEHHS Nponykuii MJIAc B cepelHbOMY Ha
370%, MJ1Ae —na 125%, KI'Tlc Ta KI'Tle — Ha 120% (p
< 0,05 — 0,001 y mopiBHSIHHi 3 MOKa3HUKaAMU KOHTp-
OJIbHOI T'PYNU MPaKTUYHO 3IO0POBMUX HiTeii). AHasisi
aHaAJIOTIYHUX MOKAa3HUKIB Yy TOPOCIUX MAlliEHTIB MPO-
JNIEMOHCTPYBaB 3pOCTaHHS CHOHTAHHOI TPOAYKIil
MJAc B cepenabomy Ha 220—300 %; meimo MeHII BU-
pa3HuUM OyJjio yTBopeHHs MJIAe — B cepelHbOMY Ha
114-145% y nopiBHSIHHI 3 MOKa3HUKaMU KOHTPOJIbHOT
TPy YMOBHO-300poBUX 0Ci0. [Topsia 3 UM BUSIBIEHO
3poctaHHs crioHTaHHoi npoaykiiii KI'TI Ha 150-170%.

Hapani pesyabTaTh AOCHIAXEHHSI TTOKAa3HUKIB
TTOJI/AO3 6ynu nmpoaHai3oBaHi 3ajJeXHO BiJ mepe-
oiry IH (roctpuii uu XpoHiYHUII) Ta BCTAaHOBJIEHO,
1110 JJIS1 YCiX TpyN MaLi€HTiB XapaKTepHO TiJABUILECHHS
piBHsT MIIA B cupoBaTili KPOBi Ta epUTPOLUTAX Y T1O-
PiBHSIHHI 3 KOHTPOJILHUMMU TPyHaMU.

OgHa 3 NOPUYMH MiABUIIEHHSI iHTEHCUBHOCTI
OKCHMIIaTUBHUX MPOIIECIB MOXE OYTH TMOB’s13aHa 3i cTa-
HoM AO3. Tak, y rpyni 1OpOCIUX NaLi€EHTIB 3 TOCTPUM
ITH nmopsa 3 migBUIIEHHSIM YTBOPEHHS MPOIYKTiB Ie-
poxcuauii cnoctepiragoch 30iJIbIIEHHSI B CUPOBATIi
kpoBi KoHueHTtpauiii LIT Ta TP gk y mopiBHsIHHI 3
MoKa3zHUKaMM KOHTpoJibHOI rpynu (p < 0,001), Tax i
y TOPiBHSIHHI 3 MOKa3HMKaMU XBOPUX Ha XPOHIUHUU
ITH (p < 0,001) (muB. Tad. 2). ¥ giteit, y pasi roctporo
ITH Ha BimMiHy Bim XpoHi4HOTrO, Crioctepiraaocs mifi-
BuilleHHs1 KoHleHTpauii I1c. Takum ynHOM, MOXHa
CTBepJXyBaTu, 10 3MiHU KoHUeHTpauii [{I1c tTa TPc,
MEeBHOIO Mipolo 3ajiexanu sk Bix nepediry ITH, tak i
BiKY MaIli€HTIB.

IMokasznukm aktuBHocti I'P, CITA Ta KOHIEH-
Tpauii SHe Takox 3ajexaiu Bif rnepediry 3amajibHO-

ro Tpoliecy B HUpKax, akTuBHicTh I'TI 3ayexana i Bifg
BiKy MailieHTiB (IUB. Ta0JI. 2).

AHaJi3y104M 3MiHM OKCHJIAHTHO-aHTUOKCUIAHT-
HUX MOKa3HMKIiB BiJ BiKy MalliEHTiB, BCTAHOBJIEHO
HalBUIIy aKTUBHICTb MPOLIECiB OKCUAALIi1l i HAMOUIbIIT
HU3bKi Moka3HUKU AOE KpoBi y MalliEHTIB AUTSAYOTO
BiKy, 110 HaouHo aemoHcTpye IOC (puc 1).

3,5
3
2,5 =
2 =
1,5 —
1 =
0,5 —
0
Jlopocii JiTH Jopoci JUTH
roctpuii [TH xponiunuii I[TH

B [HTCeHCHBHICTh OKcuanii ™ AHTHOKCHIAHTHA EMHICTh 10C

Puc. 1. BigxuyieHHSI TOKa3HUKIB OKCUIATUBHOTO CTPECY
KpPOBI Bil (hi3iosoriyHoi BiKOBOi HOpMU (CepeaHi BeTMUMHA
BiKOBOI KOHTPOJIBHOI IPYITH, 1110 MPUIHSATI 3a 1 ym.o1.) 3
ypaxyBaHHIM niepe6iry [TH ta Biky nauientiB (M £ m).

O6roBopeHHs. BinbHOpagukanbHe (TIepeKuCcHE)
OKUCJIEHHS JIiMiAiB — HeBia’€MHa 4yacTUHA OaraTbox
XKUTTEBO BaXXJIMBUX IIPOLIECIB, TaKMX SIK IIOCTiliHE
OHOBJICHHS JIiIiIHOTO CKJaay KJITUHHUX MeMOpaH,
OiATPMMKA aKTUMBHOCTI JiMig3aJekHUX peLernTopiB,
CUHTE3 IIONEepeJHMKIB IpOCTarjlaHAMHIB, OKHUCHE
dochopunmoBaHHSI Yy MITOXOHIpIiSX, (aroumro3 Ta
inmi [1-3, 11]. 3a HOpMaJbHOIO (PYHKIIIOHYBaHHS
OpraHiaMy iHTEHCUBHICTb OKCHUAATMBHHUX IIpPOLECIiB
BIIHOCHO MaJia, 1110 3yMOBJIEHO HU3bKUM PiBHEM YTBO-
peHHs npoaykTiB ITOJI Ta 30anaHcOBaHOIO Ji€I0 CHC-
teMu AO3 [1, 2]. YpaxkeHHs HUPKU BigOyBaeThbcs YHA-
CJIiIOK IEeKIUIbKOX MPUYHUH i, B IEPIIY Yepry, IpsiMoi mii
GakTepiii, rimokcii Ta 3anajbHoi peakuii [3, 11].
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PesynpTaTi Hamoro AOCHIAXEHHS AEMOHCTPY-
I0Th, 1[0 HAWBUILi 3HAYEHHSI CIIOHTAHHOTO OKUCJIEHHS
JIiMiJiB Ta MPOTEiHIB € HAMOINbII XapaKTEpPHUMU caMe
st roctporo ITH, 1o moxke 6yTu 3yMOBJIEHO $SIK 0€3-
rnocepeaHiM BIUIMBOM €HAOTOKCHHIB MAaTOTe€HiB, TakK i
PO3BUTKOM KOMITEHCATOPHUX IMYHHMX 3aXUCHUX pe-
aKIliii, 10 CYyNPOBOIXYIOThCs yTBopeHHsIM AMK [13].
Tak, nnsa rocrporo IIH xapakTepHi BUpa3Ha iHTEH-
CUBHICTh 3aMaJIbHOI peakilii i mepeBaXaHHS CYAWH-
HO-€KCYJIaTUBHUX SIBUIl, OCHOBHUMHU edeKTopamu
KOTPUX BBaXalThCs MOJIMOPGMOSAEPHi JIEHKOLUTU
[13]. Toxmi sk y pasi xponiunoro ITH mepeBaxkaioTh
nuctpodiuHi i mposidepaTuBHiI SBUIIA, Y PO3BUTKY
SIKMX OCHOBHA POJIb HAJEXUTh Makpodaram i giMm¢po-
uutam [14, 15].

LlikaBuM BUSIBUBCS (DAKT CTATUCTUYHO 3HAYYIIO-
ro niasuieHHs LITy xBopux Ha roctpuii ITH Ta fioro
3HUXKEHHS y pa3i XpOHIYHOTO Mepeodiry 3aXBOPOBAHHS.
BcraHoBieHi gaHi MOXHa MOSICHUTU BUHUKHEHHSM
HEIOCTaTHOCTI KIt0uoBUX JaHOK AO3 y 3B’S3KY 3 1OB-
roto TpuBaictio nepebiry ITH uu iforo peuunrByBaH-
HSIM Ha BiIMiHY Bill rOCTPOTO MpoLecy.

Binomo, mo LIT ta TP € roctpodazHumu mpo-
TeiHaMu 1 Mapkepamu 3ananeHHs [16-18], 6inbLiicTh
3 SIKMX CUHTE3YIOThCS MakpodaraMu, remaTouUTaMU.
KpiM TOro, BoHM 3maTHi HiITU SK aHTUOKCUIAHTU
mia3Mu KpoBi, perynaoioun nyia Fe2+ Tta 6Giokylouu
JIAHIIIOTOBI BiIBHO paguKaibHi peakuii [19]. 36iab-
IIEHHS KOHIIEHTpalii IMX MPOTEiHiB B IJa3Mi KpOBi
CBiIUUTH MPO KOMIIEHCATOPHY iX MPOAYKIIiI0 BHACIi-
JIOK MiABUILIEHHS iHTEHCUBHOCTI IMPOLECiB OKMCHEH-
HSI, 110 3yMOBJIEHA €KCIPECI€I0 MPO3anaJlbHUX LIUTO-
KiHiB Ta peakili€el0 iMyHHOI CUCTeMHU Ha ipaauKallilo
30yIHUKIB YHACTIAOK MOPYLIEHb PO3Mi3HABAHHS aH-
TUTEHIB.

JlitepaTypa (References):

Tobto, mnepebdir I[ITH — roctpuit 4u XpoOHIYHUIA,
3 OIHOro 0OKy, BIUIMBAE Ha OCOOJMBOCTI pearyBaH-
Ha O/A cuctemu; 3 iHIIOro 60Ky, cTaH cucteMu AO3
Ta aKTUBALlisl MPOLECIiB OKUCHEHHS MOXYTh CIIPUSITU
xponizanii I[TH. Bce 1e y3romxyeTbcs i3 cydyacHUM
yaBiaeHHsaM npo natoredes ITH [20]. Tak, ais roctpo-
IO 3amajbHOTrO MPOLIECY XapaKTepHa iHTEHCUBHICTb
3aMajibHOI peakllii, a OCHOBHUMHU edeKTopaMu B HOTO
MaToreHe3i BBAXXalOThCs TMOJiMOpGOSAepHi JeKoLu-
THU, TOMI SIK Y pa3i XpOHIYHOTO 3aMajibHOrO MpOoLEeCcy
OCHOBHA pOJIb HAJIEXUTh Makpodaram i JiMOOUHUTiB,
SIKi MITPYIOTh 10 TKAHUH Y BiAIOBiAb HA Jil0 IMyHHUX
KOMIUTEKCiB Ta mpoaykyioTb AMK [21]. Pa3zom 3 ak-
TUBAILlI€I0 Ji30COMHUX MPOTEiHA3 i€ MPU3BOIUTL 10
JiokajibHOI npoaykiii AMK, pyliHyBaHHSI opraHes Ta
JI0 TMIOIIKO/KEHHST KIIITUH HUPKH [5, 22]. OTXe, Hali-
BUILIAa aKTUBHICTb NpoueciB ITOJI Ta HaltHMXKYi mOKa3-
Huku AO€ KpoBi XxapakTepHi AJIST AUTSYOrO BiKy, 1110
copusie Oinbll iHTeHcuBHOMY po3BUTKY OC 3a mokas-
Hukamu [0C.

BucHoBKu.

Takum 4yuHOM, y HiTell Ta AOPOCIMUX MALiEHTIB
3 MieJJOHe(PUTOM IMiABUIIYETHCS AKTUBHICTb OKCHU-
JMaTUBHUX MPOILIECIB B KPOBi 32 paXyHOK 30ibLIEHHS
koHueHTpauii MIA (p < 0,001) ta KI'TI (p < 0,001),
110 Kopeare 3 HegocTaTHiM AO3 KpoBi, SIKUM Tpo-
saBisieTbesl 3HUXKEeHHsIM TPc (p < 0,001), akTUBHOCTI
CITAe (p<0,001), I'le (p < 0,001) TaI'Pe (p <0,001))
3aJIeXKHO BiJ Mepediry 3aXxBOprOBaHHS Ta BiKy Malli€H-
Ta. HaiiBuilla akTUBHICTb MpoLECiB OKCUaalii JimifaiB
Ta HaliHuxk4ya AO€ KpoBi XapaKTepHi M AUTSIYOTO
BiKy, 110 CrIpUsi€ OiTbII iIHTEHCUBHOMY OKCUIATUBHO-
MY CTpecy.

1. Lushak VI. Free radicals, reactive oxygen species,
oxidative stress and its classification. Chem Biol
Interact. 2014. Dec 5;224:164-75. doi: 10.1016/j.
cbi.2014.10.016.

2. Sies H Oxidative stress: a concept in redox biol-
ogy and medicine. Redox Biol. 2015. 4: 180-3. doi:
10.1016/j.redox.2015.01.002.

3. Scholze A, Jankowski J, Pedraza-Chaverri J,
Evenepoel P. Oxidative Stress in Chronic Kidney
Disease. Oxidative Medicineand Cellular Longevity.
2016;2016:8375186. doi:10.1155/2016/8375186.

4. Kolesnyk MO, redaktor. Osnovy nefrolohii: dovid-
nyk likaria. Kyiv: Bibliotekaka “Zdorovia Ukrainy”;
2013. 340 s. [In Ukrainian].

5. Del Vecchio L, Canarini M, Cavalli A, Localetti
F. Oxidative Stress and Chronic Renal Disease —
Clinical Aspects. System Biology of free Radicals
and Antioxidants. 2014. Editors: Laher, Ismail
(Ed.): 2625-2644.

6. Massy ZA, Stenvinkel P, Drueke TB. The role of oxi-
dative stress in chronic kidney disease. Semin. Dial.
2009;22(4):405—408.

7. Miyata T, Eckardt K-U, Nangaku M. Studies
of Renal Disorders. Berlin: Springer-Verlag GmbH;
2011. 830 p. doi: 10.1007/978-1-60761-857-7.

8. Korol LV. Mekhanizmy rozvytku oksydatyvnoho
stresu pry zapalnykh protsesakh v nyrkakh ta shl-
iakhy yoho korektsii [dysertatsiia v Interneti].
Kyiv: nats. un-t im. Tarasa Shevchenka; 2017.
[tsytovano 2018 Berez 27] [In Ukrainian].

9. Putri AY, Thaha M. Role of oxidative stress on
chronic kidney disease progression. Acta Med
Indones. 2014;46(3):244-252.

10. Heymann F, Trautwein C, Tacke F. Monocytes and
macrophages as cellular targets in liver fibrosis.
Inflamm Allergy Drug Targets. 2009. 8(4):307-318.
doi: 10.2174/18715280978935223.

48 OpUriHOABHI HOYKOBI POBOTU

YKPAIHCBbKMIN XYPHOA HEPROAOTIT TO Aiaaizy N23 (59) 2018


https://www.ncbi.nlm.nih.gov/pubmed/25452175
https://www.ncbi.nlm.nih.gov/pubmed/25452175
https://www.ncbi.nlm.nih.gov/pubmed/25452175
https://www.ncbi.nlm.nih.gov/pubmed/25452175
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4309861/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4309861/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4309861/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4992768/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4992768/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4992768/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4992768/
http://www.springer.com/us/book/9783642300172
http://www.springer.com/us/book/9783642300172
http://www.springer.com/us/book/9783642300172
http://www.springer.com/us/book/9783642300172
http://www.springer.com/us/book/9783642300172
http://onlinelibrary.wiley.com/doi/10.1111/j.1525-139X.2009.00590.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1525-139X.2009.00590.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1525-139X.2009.00590.x
https://www.springer.com/us/book/9781607618560
https://www.springer.com/us/book/9781607618560
https://www.springer.com/us/book/9781607618560
http://scc.univ.kiev.ua/upload/iblock/b17/dis_Korol%20L._new.pdf
http://scc.univ.kiev.ua/upload/iblock/b17/dis_Korol%20L._new.pdf
http://scc.univ.kiev.ua/upload/iblock/b17/dis_Korol%20L._new.pdf
http://scc.univ.kiev.ua/upload/iblock/b17/dis_Korol%20L._new.pdf
http://scc.univ.kiev.ua/upload/iblock/b17/dis_Korol%20L._new.pdf
https:/www.ncbi.nlm.nih.gov/pubmed/25348188
https:/www.ncbi.nlm.nih.gov/pubmed/25348188
https:/www.ncbi.nlm.nih.gov/pubmed/25348188
http://www.eurekaselect.com/85076/article
http://www.eurekaselect.com/85076/article
http://www.eurekaselect.com/85076/article
http://www.eurekaselect.com/85076/article

Ukrainian Journal of Nephrology and Dialysis, 3 (59)’2018

Original Papers

11. Korol LV, Migal LYa, Stepanova NM. Intensity of
oxidative stress and activity of angionetsin convert-
ing enzyme in blood of patients with uncomplicated
pyelonephritis. Ukr. Biochem. J. 2017;89(2):99-
105. doi: 10.15407/ubj89.02.099.

12. Korol’ LV, Mygal’ LJa, vynakhidnyky; DU «In-t
nefrolohii AMN Ukrainy», patentovlasnyk. Sposib
integral’noi’ ocinky antyoksydantnoi’ jemnosti
syrovatky krovi Patent Ukrainy. No 113602. 2017,
Opub. 10.02.2017, Bjul. Ne 3. [In Ukrainian]

13. Reheda MS, Boichuk TS, Bondarenko Yul,
Reheda MM. Zapalennia — typovyi patolohich-
nyi protses. Vyd.druhe, dop. ta perer. Lviv, 2013.
148 s. [In Ukrainian]

14. Gusev EY, Chereshnev VA, Zhuravleva JA,
Solomatina LV, Zubova TE. Progression vari-
ants of chronic systemic inflammation. Medical
Immunology (Russia). 2009;11(2-3):131-140. [In
Russian].

15. Morozova OL, Morozov DA, Zaharova NB.
Prichinyi i klyuchevyie zvenya patogeneza lokal-
nogo vospaleniya v mochevyivodyaschih putyah u
detey s obstruktivnyimi uropatiyami. Pediatriya:
zhurnal im. G. N. Speranskogo [In Russian].
2014;93(2):117-123

16. Kutsenko LA, Kaydashev IP. Mesto tseruloplazmi-
na sredi belkov ostroy fazyi kak markera sistem-
nogo vospaleniya  Laboratornaya diagnostika.
2011;3(57):59-68. [In Russian].

17. Golenkina FEA, Livenskyi AD, Viryasova GM,
Romanova YM, Sud’ina GF, Sokolov AV.
Ceruloplasmin-derived peptide is the strongest

18.

19.

20.

21.

22.

regulator of oxidative stress and leukotriene syn-
thesis in neutrophils. Biochem Cell Biol. 2017.
95(3):445-449. https://doi.org/10.1139/bcb-2016-
0180.

Chapman AL, Mocatta TJ, Shiva S, Seidel A, Chen
B, Khalilova I, Paumann-Page ME, Jameson GN,
Winterbourn CC, Kettle AJ. Ceruloplasmin is an
endogenous inhibitor of myeloperoxidase. J Biol
Chem. 2013. 288(9):6465-77. doi: 10.1074/jbc.
M112.418970

Sokolov AV, Zakharova ET, Kostevich VA, Samygina
VR, Vasilyev VB. Lactoferrin, myeloperoxidase,
and ceruloplasmin: complementary gearwheels
cranking physiological and pathological process-
es. Biometals. 2014;27(5):815-28. doi: 10.1007/
s10534-014-9755-2.

Pleshkova EM. Oxidative stress and its involvement
inthe development and course of urinary system dis-
eases in children. Rossiyskiy Vestnik Perinatologii
i Pediatrii (Russian Bulletin of Perinatology and
Pediatrics). 2014;59(5):9-14.

Pleshkova EM, Himova YuA. Osobennosti okislitel-
nogo stressa v aktivnuyu stadiyu ostrogo pielone-
frita u detey. Sibirskoe meditsinskoe obozrenie.
2013;1:36-9.

Gurocak S, Ure I, Cumaoglu A, Gonul II, Sen I,
Tan O, Aricioglu A, Bozkirli I. Renal tissue dam-
age after experimental pyelonephritis: role of an-
tioxidants and selective cyclooxygenase-2 inhibi-
tors. Urology. 2010;76(2):508.e1-5. doi: 10.1016/
j.urology.2010.03.040.

YKPOTHCBKUI XKYPHOA HEPPOAOTIT T AlaAidy N23 (59) 2018

OpUriHOABHI HOYKOBI POBOTU 49


https://doi.org/10.15407/ubj89.02.099
https://doi.org/10.15407/ubj89.02.099
https://doi.org/10.15407/ubj89.02.099
https://doi.org/10.15407/ubj89.02.099
https://doi.org/10.15407/ubj89.02.099
https://www.mimmun.ru/mimmun/article/view/270
https://www.mimmun.ru/mimmun/article/view/270
https://www.mimmun.ru/mimmun/article/view/270
https://www.mimmun.ru/mimmun/article/view/270
https://www.mimmun.ru/mimmun/article/view/270
https:/pediatriajournal.ru/archive?show=334&section=3961%20
https:/pediatriajournal.ru/archive?show=334&section=3961%20
https:/pediatriajournal.ru/archive?show=334&section=3961%20
https:/pediatriajournal.ru/archive?show=334&section=3961%20
https:/pediatriajournal.ru/archive?show=334&section=3961%20
https:/pediatriajournal.ru/archive?show=334&section=3961%20
https://doi.org/10.1139/bcb-2016-0180
https://doi.org/10.1139/bcb-2016-0180
https://doi.org/10.1139/bcb-2016-0180
https://doi.org/10.1139/bcb-2016-0180
https://doi.org/10.1139/bcb-2016-0180
https://doi.org/10.1139/bcb-2016-0180
https://doi.org/10.1139/bcb-2016-0180
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3585080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3585080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3585080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3585080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3585080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3585080/
http://www.ncbi.nlm.nih.gov/pubmed/24966132
http://www.ncbi.nlm.nih.gov/pubmed/24966132
http://www.ncbi.nlm.nih.gov/pubmed/24966132
http://www.ncbi.nlm.nih.gov/pubmed/24966132
http://www.ncbi.nlm.nih.gov/pubmed/24966132
http://www.ncbi.nlm.nih.gov/pubmed/24966132
http://www.ped-perinatology.ru/jour/article/view/229
http://www.ped-perinatology.ru/jour/article/view/229
http://www.ped-perinatology.ru/jour/article/view/229
http://www.ped-perinatology.ru/jour/article/view/229
http://www.ped-perinatology.ru/jour/article/view/229
https://cyberleninka.ru/article/v/osobennosti-okislitelnogo-stressa-v-aktivnuyu-stadiyu-ostrogo-pielonefrita-u-detey
https://cyberleninka.ru/article/v/osobennosti-okislitelnogo-stressa-v-aktivnuyu-stadiyu-ostrogo-pielonefrita-u-detey
https://cyberleninka.ru/article/v/osobennosti-okislitelnogo-stressa-v-aktivnuyu-stadiyu-ostrogo-pielonefrita-u-detey
https://cyberleninka.ru/article/v/osobennosti-okislitelnogo-stressa-v-aktivnuyu-stadiyu-ostrogo-pielonefrita-u-detey
http://www.ncbi.nlm.nih.gov/pubmed/20510442
http://www.ncbi.nlm.nih.gov/pubmed/20510442
http://www.ncbi.nlm.nih.gov/pubmed/20510442
http://www.ncbi.nlm.nih.gov/pubmed/20510442
http://www.ncbi.nlm.nih.gov/pubmed/20510442
http://www.ncbi.nlm.nih.gov/pubmed/20510442

Nephrology School

Ukrainian Journal of Nephrology and Dialysis, 3 (59)°2018

~alan
\é’b\“‘ JO(/,
S

\e\)

Ukrainian Journal of Nephrology and Dialysis
Scientific and Practical, Medical Journal

= 0 Founders:
(X \1 & - . .
4,0 3 + State Institution «Institute of Nephrology NAMS of Ukraine»
/°gy and » National Kidney Foundation of Ukraine
ISSN 2304-0238;
eISSN 2616-7352 Journal homepage: https://ukrjnd.com.ua
Review Article I.1. Lapchynska

doi: 10.31450/ukrjnd.3(59).2018.08

Half a century of IgA nephropathy: achievements, frustrations
and challenges

TOV «GlaxoSmithKline Pharmaceuticals Ukraine»

Citation:

Article history:

Received 25 May 2018

Received in revised form
31 May 2018

Accepted 11 June 2018

Lapchynska l. Half a century of IgA nephropathy: achievements, frustrations and
challenges. Ukr J Nephr Dial. 2018;3(59):50-60. doi: 10.31450/ukrjind.3(59).2018.08

Abstract. IgA nephropathy is the most common glomerulonephritis worldwide. This
disease has a tremendous economic impact because renal replacement therapy is
expensive and hard-to-reach. It also represents a social problem because children and
young adults in their second and third decades of life are affected by the IgA nephropathy,
and it is the most active period of human life with highest work productivity. Many
retrospective studies have shown that 40% of biopsy-proven IgA nephropathy patients
develop end-stage kidney disease in 20 years after their biopsy disease.

The biomarker research in IgA nephropathy has experienced a major splash in
recent years with great number of scientific reports. Individual biomarkers often lack
sensitivity and specificity with impairment of disease specificity as a consequence.
The review describes a novel approach based on a panel of biomarkers for pathogenic
process of 1gA nephropathy. Integration of genetic, clinical, and bioinformatics data
sets could optimize the specific value of each biomarker in a multimarker panel. This
is a inspirational and promising approach for precision medicine and personalized
therapy in IgA nephropathy.

Half a century into the original description of IgA nephropathy, there is still no specific
therapy for this condition Although the scarcity in treatment advances could be related
to the disease’s complex pathogenesis. The evolution of different therapeutic approaches
is reviewed over time and resulted in the 2012 Kidney Disease: Improving Global
Outcomes Clinical Practice Guideline for Glomerulonephritis that presently is being
updated, and provide collation of recent data on various forms of immunosuppressive
agents. Existing approaches to treatment of IgA nephropathy are described with
focus primarily on innovative therapeutic strategies currently being evaluated in 1gA
nephropathy that were not discussed in the 2012 Kidney Disease Improving Global
Outcomes Clinical Practice Guidelines.

Keywords: IgA nephropathy, biomarkers, immune system, proteinuria, gut, therapeutic
approach.
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I. I. JIamunHchKa

ITiBcTopiuust IgA HedponaTii: 10CSIrHeHHs, PO3YapyBaHHSA Ta NMPO0JIeMHU
TOB “GlaxoSmithKline Pharmaceuticals B Ykpaini”

Pe3iome. [gA-negpponamis € natinowupenivuum enomepyaronedppumom y ecvomy ceimi. Ha IgA-nepponamiro 6
OCHOBHOMY cmpacoaromes dimu ma mMoa00i 200U NPaye30amHo2o 8iKy, wo npu3800ums 0o HeobXioHocmi sucokosapmic-
HUX 8UMpPam Ha AIKY8AHHS HUPKOBO 3AMICHON mepanicto ma ineanriouzayii y mosodomy eiui. Adwce pempochekmue-
HUMU 00CAIONCeHHAMU NPOdeMOHCmposaro, wo 40% nayicumie 3 mopgonsoeiuno niomeeponcenoio IgA-neghponamiero
docsearomob mepmiHanbHoi cmaodii XpoHiuHoi xeopobu Hupok uepes 20 pokie nicas bioncii.

Locaidncennro biomapkepie IgA-negpponamii npucesuena 3nauna Kinvkicms Haykosux nyoaikauii. Q20 npu-
cesueHull Hogum nioxodam y diacHocmuyi ma AiKy8aHHi, 3aCHOBAHUM Ha naueni Oiomapkepie IgA-negponamii. Inme-
epayis eeHeMu4YHUX, KAIHIMHUX ma 6i0iHPOPMAMUBHUX OAHUX MOJCe ONMUMIZyeamu 0iaeHOCMUUHY UIHHICMb KOJICHO20
biomapkepa.

Ilicas nepuioeo onucy IgA-negpponamii npotiuino niecmopivus, ase 0o yux nip He icHye 00HO3HAUHO20 NIOX00Y 00
aikysants. FEeoaroyis piznux mepanesmuyHux nioxodie w000 Aiky8auHs enomepyioHehpumy nepeensoaracs 3 HAUHOM
yacy ma niocymosana y pexomenoauisx Kidney Disease: Improving Global Outcomes «Clinical Practice Guideline for
Glomerulonephritis» (2012), saki 3apa3s onoéaoromscs. Ilpedcmaesaeni nioxodu do aikyseanus IgA-negpponamii ne 062060-
prosaauce y pekomendayiax 2012 poky ma onucari y ¢okyci inHo8auiliHux mepanesmuiHux cmpameeiii, w0 nompeoy-

10mb n00AAbULOT OUIHKLL.

KnouoBi cioBa: /g4 regpponamin, Giomapkepu, iMyHHa cucmema, npomeinypis, KUWEYHUK, mMepaneemuHuil

nioxio.

Epidemiology. IgA nephropathy (IgAN) is the
most common glomerulonephritis worldwide. This dis-
ease has a tremendous economic impact because renal
replacement therapy is expensive and hard-to-reach. It
also represents a social problem because children and
young adults in their second and third decades of life
are affected by the IgAN, and it is the most active peri-
od of human life with highest work productivity. Many
retrospective studies have shown that 40% of biopsy-
proven IgAN patients develop end-stage kidney disease
(ESKD) in 20 years after their biopsy disease [1]. This
is a period of life during which people are very active
and have high work productivity [2].

IgA nephropathy (IgAN), or Berger's disease, was
described in 1968 [3]. This common kidney disease
characterized by persistent microscopic hematuria and/
or mild proteinuria and/or recurrent episodes of gross
hematuria in concomitance of upper respiratory tract
infections. IgAN is diagnosed by the presence of diffuse
mesangial IgA deposits, especially the subset of IgAl in
glomeruli.

IgA nephropathy (IgAN), or Berger’s disease, is
the most common primary glomerular disease world-
wide, but varies largely in its geographic distribution.
The systematic review of the frequency of IgAN in the
five continental areas of the world arose from a need to
determine the worldwide burden of this disease, which

Inna I. Lapchynska
e-mail: lii66@ukr.net

remains the most common cause of ESKD among chil-
dren with permanent urinary abnormalities and young
adult patients with biopsy-proven primary glomerular
disease [1]. IgAN is more frequent in Asian populations
(for example, 45 cases per million population/y in Ja-
pan) than in Caucasians (for example, 31 cases per mil-
lion population/y in France) [4].

These differences are owing to some relevant as-
pects: (1) systematic mass screening of urine in popu-
lations is performed in Asia, but not in Western coun-
tries; (2) general practitioners and health care profes-
sionals in Western countries underestimate persistent
microscopic hematuria and/or mild proteinuria in ap-
parently healthy individuals causing late referral to a
nephrologist; and (3) different indications for kidney
biopsy in individuals with persistent urinary abnor-
malities are different in many countries. Frequency of
IgAN observed in a nephrology center with a high in-
cidence of kidney biopsies is higher than in a regional
renal biopsy registry. If biopsy indications will not
be so tight and screening will be used widely, if early
therapy will follow it, the global burden of end-stage
kidney disease caused by IgAN will be decreased [4].

Pathogenesis. Downstream pathogenetic events
leading to tubulointerstitial damage in IgAN are char-
acterized by mesangial-podocytic-tubular cross-talk
pathways, in which mesangial deposition of polymeric
IgAl and IgAl-containing immune complexes leads
to a podocytopathy that promotes subsequent tubular
cell dysfunction to further podocytic injury [5]. Scien-
tific evidence suggest that specific inflammatory path-
ways play important pathogenetic roles in IgAN, such
as complement-mediated and spleen tyrosine kinase—
driven intrarenal inflammation.
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As soon as hematuria concomitant with phar-
yngitis is a constant feature in IgAN, participation of
the mucosal immune system was considered to be the
main pathogenetic factor. Recent observations have
confirmed hyper-reactivity of gut-associated lymphoid
tissues in IgAN patients [6]. As mentioned below, the
emerging concepts on the interaction between the host
and the gut microbiota, and a gut-renal connection in
IgAN are discussed now [7].

Recently, the Japanese Renal Biopsy Registry re-
ported that among approximately 20,000 native renal
biopsies performed in the year 2010, 30% of biopsy
specimens were diagnosed with IgAN. Thus, approxi-
mately 6,000 incident IgAN patients were diagnosed in
the country. Moreover, the investigators reported that
68% of cases had CKD stage 1 or 2 [8].

Data from many countries [2, 4] have shown that
these young patients may have three different clinical
courses, as follows: (1) short or long remission of the dis-
ease (absence of urinary abnormalities) in a low number
of individuals (2%-5%); (2) slowly progressive renal de-
terioration over a 20-year period after the kidney biopsy
in a variable percentage of subjects; or (3) rapid deterio-
ration in a few cases (5%-10% of patients). Early biopsy
would promote early diagnosis and therapy, which may
reduce the progression of renal damage [9].

Some guidelines for healthcare professionals for
the diagnostic screening of IgAN: 1) in the presence of
asymptomatic urinary signs such as persistent micro-
scopic hematuria and/or mild proteinuria, the general

practitioner should not underestimate the symptoms
and must refer the patient to a nephrologist. 2) nephrol-
ogists could include the clinical pattern of persistent
microscopic hematuria and/or mild proteinuria in the
indications for a kidney biopsy 3) children and adoles-
cents should at least be included in these as well as in-
dividuals in the military service or employment, even
though there are pros and cons to mandatory urinalysis
screening.

Dynamic development of histologic classification of
IgA nephropathy. Since its description in 1968, a number
of histologic descriptions and classification systems have
emerged. In 1967, Antoine et al presented immunofluo-
rescence patterns in renal lesions, among which he identi-
fied a group of patients with chronic glomerulonephritis
or with purpuric lesions whose biopsy specimens showed
glomerular deposits of IgA. In 1968, Berger and Hinglais
described 25 patients with recurrent hematuria and me-
sangial IgA deposits that surmounted IgG deposits [3].
The eponym of Berger's disease was introduced in 1973,
and by 1975 the defining features of IgA nephropathy were
consolidated [9].

In 1997, Haas published a new histologic classifica-
tion based on his observations of 244 patients with [gAN
[10] . The Haas study aimed to establish relevant clini-
copathologic correlations and to identify potential histo-
pathologic markers of outcome [10]. The schema recog-
nized FSGS-like lesions as part of the spectrum of IgAN.
Five classes were described. A comparison between the
Lee and Haas classes is presented in the table 1.

Table 1
Lee [11] and Haas [10] Classification Systems (cited without cjanges from [12])
Grade Lee Haas
| Mostly normal glomeruli Minimal histologic lesion
11 <50% of glomeruli with mesangial hypercellularity | Focal segmental glomerulosclerosis
and sclerosis
Rare small crescents
111 Diffuse mesangial proliferation Proliferative glomerulonephritis in <50% of
Occasional adhesions and small crescents glomeruli
Crescents might be present
v Diffuse marked mesangial proliferation <45% of Proliferative glomerulonephritis in >50% of
glomeruli with crescents glomeruli
Frequent segmental and global sclerosis Crescents might be present
\" Severe mesangial proliferation >40% glomerular sclerosis and/or tubular
>45% of glomeruli with crescents atrophy
Frequent segmental and global sclerosis

The Oxford Classification of IgAN pioneered the
use of an evidence-based approach to histologic clas-
sification.Four histologic variables were found to be
both reproducible and independently associated with
clinical outcome: mesangial hypercellularity (MO,
<50% glomeruli; M1, >50% of glomeruli showing me-
sangial hypercellularity); endocapillary hypercellular-
ity (EO, absent; EIl, present); segmental glomerulo-
sclerosis (S0, absent; S1, present); and tubular atro-
phy/interstitial fibrosis (T0, absent or involving <25%

of the cortex; T1, 26%-50% of the cortex; T2, >50%
of the cortex). M, S, and T scores were found to be
independent predictors of either rate of loss of renal
function or renal survival in the entire cohort, using a
multivariate analysis that included initial eGFR and
proteinuria, and follow-up MAP and proteinuria. The
E score was considered as independent predictor of
outcome in patients who did not receive steroid/im-
munosuppressive therapy. These scores include the
MEST score [13, 14].
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The Oxford Classification of IgAN pioneered the
use of an evidence-based approach to histologic classi-
fication. Four histologic variables were found to be both
reproducible and independently associated with clinical
outcome: mesangial hypercellularity (M0, <50% glom-
eruli; M1, >50% of glomeruli showing mesangial hyper-
cellularity); endocapillary hypercellularity (EO, absent;
E1, present); segmental glomerulosclerosis (SO, absent;
S1, present); and tubular atrophy/interstitial fibrosis
(TO, absent or involving <25% of the cortex; T1, 26%-
50% of the cortex; T2, >50% of the cortex). M, S, and
T scores were found to be independent predictors of ei-
ther rate of loss of renal function or renal survival in the
entire cohort, using a multivariate analysis that included
initial eGFR and proteinuria, and follow-up MAP and
proteinuria. The E score was considered as independent
predictor of outcome in patients who did not receive ste-
roid/immunosuppressive therapy. These scores include
the MEST score [13, 14].

The prognostic value of the MEST criteria has been
validated in adults and children by more than 20 studies,
including more than 7 000 Asian, European, and North
American patients [15]. T score is consistently the stron-
gest predictor of clinical outcome in these validation
studies; T1/2 represents advanced chronic damage and
late-stage disease at the time of diagnosis and therefore
a shorter time to end stage. The Validation of the Oxford
Classification of IgA Nephropathy (VALIGA) study was
a large validation study that included 1 147 IgAN patients
from 13 European countries [15]. Its broad inclusion cri-
teria allowed extrapolation of the Oxford Classification

criteria to patients who were not addressed in the original
Oxford Classification study, that is, patients with mini-
mal proteinuria (<0.5 g/d) or decreased renal function
at presentation (¢GFR < 30 mL/min). Patients with low
initial proteinuria showed less frequent MEST lesions,
and had 90% 5-year renal survival. In this subgroup, the
presence of M1 and/or E1 predicted progression to high-
er levels of proteinuria (>1 and 2 g/d). Patients with a
low eGFR were significantly older, presented with great-
er initial proteinuria (2.4 g/24 h), showed more frequent
M1, S1, and T1-2 lesions, and had an average renal sur-
vival of 50% at 5 years [15].

It must be emphasized that, as is the case for most
clinicopathologic studies of IgAN, the Oxford Classi-
fication study was retrospective and uncontrolled for
treatment. The VALIGA study confirmed the prognos-
tic values of mesangial hypercellularity (M1 lesions),
including in patients with low initial proteinuria and in
pediatric IgAN; among the 174 children included in the
VALIGA study cohort, M1 was associated with lower
renal survival and increasing proteinuria, and to be the
strongest predictor of eGFR slope. Similarly to endo-
capillary lesions and crescents, the predictive value of
mesangial hypercellularity was attenuated by immu-
nosuppression, indicating that M1 lesions are possibly
steroid-responsive, especially in children [15].

The Oxford Classification of IgAN now includes
5 variables, Mesangial hypercellularity, Endocapillary
hypercellularity, Segmental Sclerosis, Tubular atro-
phy/interstitial fibrosis, and Crescents (MEST)-C [14]
(table 2).

Table 2
2016 Oxford Classification of IgAN [14]
Variable Definition Score

M Mesangial hypercellularity MO Absent to <50% of glomeruli
Ml >50% of glomeruli

E Endocapillary hypercellularity EO Absent
El Present

S Segmental sclerosis/adhesions/synechiae | SO0 Absent
S1 Present

T Tubular atrophy and interstitial fibrosis TO Absent to <25% of the cortex
T1 25%-50% of the cortex
T2 >50% of the cortex

C Crescents C0 Absent
Cl 1%-24% of the glomeruli
C2 >25% of glomeruli

The Prognostic Modeling Working Group’s aim is
to optimize outcome prediction for individual patients
by developing a risk prediction model that incorporates
histologic, clinical, and other data. An initial study [12,
15] including more than 900 patients from three dif-
ferent cohorts (Oxford Classification, North Ameri-
can, and VALIGA), showed that a model based on a
combination of MEST criteria and initial clinical data
performed as well as 2-year clinical data in predicting

the risk of reaching a combined end point of ESRD or
50% loss of eGFR. This earlier risk prediction was in-
dependent of treatment with renin-angiotensin system
blockade or immunosuppression. This was a large and
detailed IgAN data set and will enable risk stratification
according to ethnicity in both adults and children. The
ultimate goal is to develop web-based and mobile appli-
cation calculators that may be used in the management
of individual.
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One of the central aims of the Oxford Classification
study and the IgANN/RPS working groups is to identi-
fy histologic lesions that are responsive to immunosup-
pression and thus use the biopsy in guiding therapeutic
decisions. There is evidence from several of the large
retrospective studies described earlier that endocapil-
lary hypercellularity and crescents (E1 and C1/2) are
associated with more rapid loss of renal function in the
absence of immunosuppression, and patients with these
lesions have a better outcome if treated with steroids.
The confirmatory evidence from prospective random-
ized clinical trials (RCTs) is needed for clarification of
the role of histology in guiding therapy.

The scoring of histologic lesions that comprise the
MEST-C criteria were found to be highly reproducible
in the original Oxford Classification study which aim
was to resolve differences in the evaluation of challeng-
ing lesions [14]. Interobserver variation in the inter-
pretation of glomerular and other lesions in the renal
biopsy specimen may be improved by providing clear
lesion definitions and illustrated guidance. An RPS
Working Group currently is developing consensus defi-
nitions that can be applied to any glomerular disease,
not just IgAN.

Studies over the past decade have identified those
histologic lesions that are associated with progressive
IgAN in the absence of immunosuppression, and shown
which lesions are treatment-responsive. In the near fu-
ture, methods for assessing renal biopsy specimens will
be refined, accurate prediction models that incorporate
clinical and histologic data will be developed, and the
role of the renal biopsy in guiding standard therapy and
the use of new therapeutic agents will be determined
[16].

Mesangial-podocytic-tubular cross-talk and its
leading role in IgAN.

A subgroup of IgAN with proximal tubular epithe-
lial cells (PTECs) and tubulointerstitial damage often
is associated with rapid progression to end-stage renal
failure. Human mesangial cell—derived mediators lead
to podocyte and tubulointerstitial injury via mesangial-
podocytic-tubular cross-talk. Podocytes are the final
gatekeeper of the glomerular filtration barrier. This
barrier has three major components: the fenestrated
endothelial cell, the glomerular basement membrane
(GBM), and the podocyte with their slit diaphragms.
Foot processes (FPs) of podocytes contain an actin-
based cytoskeleton that is linked to the GBM. FPs of
podocyte form a highly branched interdigitating net-
work with the FPs of neighboring podocytes. Slit dia-
phragm bridges the filtration slits between opposing
podocyte FPs, forming the final barrier to urinary pro-
tein loss [5].

The most distinctive structural change in injured
podocytes is cell hypertrophy or sclerosis. Podocyte
hypertrophy or sclerosis at the tubular pole (tip lesion)
is associated with heavy proteinuria at presentation of
IgAN and a more rapid decrease in renal function. Seg-
mental sclerotic lesions commonly are seen in glomer-

uli in IgAN. In the Oxford Classification, the presence
of segmental sclerosis was found to predict an adverse
outcome. It was suggested that the sclerotic lesions seen
in IgAN form mainly as a consequence of healing of
previous inflammatory lesions [5].

Deposition of IgA-IC to human mesangial cells
(HMCs) triggers the production of tumor necrosis
factor-a. (TNF-a) and TGF-B, and down-regulates
the expression of nephrin, ezrin and other proteins of
the slit diaphragm by podocytes. Mesangial-derived
TNF-a up-regulates the TNF-a receptor-1 (TNFR1)
expression by podocytes and increases the podocytic
TNF-a synthesis. Up-regulated TNF-o acts on
the TNFRI and increases podocytic interleukin
(IL)-6 release. Furthermore, TNF-a up-regulates
the expression of podocytic TNF-o receptor and
angiotensin II receptor 1 (ATIR) through a nuclear
factor « light-chain enhancer of activated B cells (NF-
kB)-dependent mechanism. This TNF-o/TNFR1/
ATI1R axis modulates further nephrin reduction and
apoptosis in podocytes [17].

Podocytopathy in IgAN may be accompanied by
tubulointerstitial changes including tubular atrophy,
interstitial infiltrates, inflammation, and fibrosis. Pro-
teinuria is a surrogate marker of tubulointerstitial injury
[5, 17].

The mechanism for the formation of IgA-IC is
highly variable in different patient groups as a result of
the following: (1) marked differences in the extent of
serum IgA1 O-glycosylation and the hinge-region—spe-
cific autoantibodies (2) the presence or absence of ad-
ditional components in the process of immune complex
formation (usually these components include soluble
CD89 of different molecular weight, complements, and
antigliadin antibodies); (3) the variation in the size of
IgA-1IC and light chain composition of the IgAl. It is
likely that both genetic and environmental factors play
contributory roles in the process of IgA-IC formation.
IgA-1C binds to mesangial cells but not podocytes or
tubular epithelial cells. Mesangial deposition of IgA-1C
leads to the activation of HMCs, leading to mesangial
cell proliferation, matrix expansion, and the release of
proinflammatory and profibrotic mediators. Mesangial
deposition of IgA immune complexes induced glomer-
ulopodocytic cross-talk through the release of TNF-a,
TGF-B, complement components, and other bioactive
factors [5].

Gut-associated immune system and IgAN. The
relationship between IgA nephropathy (IgAN) and the
mucosal immune system has been considered since the
identification of this renal entity by [3] 50 years ago.
IgA, which is predominant in the mesangial deposits of
IgAN, is produced mostly by the mucosal-associated
lymphoid tissue (MALT) and is the most represented
immunoglobulin in mucosae [18]. The clinical hall-
mark of IgAN is the manifestation of gross hematuria,
often coincident with an upper respiratory-tract infec-
tion, hence most of the interest has been focused on the
oropharyngeal and tonsillar-associated lymphoid tissue
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in the past, however, some associations between IgAN
and intestinal disorders were reported decades ago [19].
In some patients the mucosal infection triggering he-
maturia involves the intestine, with acute diarrhea, or
in patients with Crohn's disease it involves the ileocecal
region. Patients with celiac disease and inflammatory
bowel diseases have an increased frequency of IgAN, in-
dicating a connection stronger than sheer chance [20].
Recent data have suggested investigators reconsider old
theories of a role of dysregulated GALT in which the
genetic conditioning, the gut dysbiosis, and the reaction
to diet components may play a combined role in the de-
velopment and progression of IgAN. This hypothesis
led to a search for innovative treatment approaches to
IgAN focused on corticosteroids specifically targeting
GALT in the Peyer's patches and possible dietary com-
ponents and intestinal microbiota modulations [8].

Gluten-free diet for two periods of 1 and 6 months
was associated with a significant reduction in IgA-IC,
followed by a rebound after intervals of 1 and 3 months
of a gluten-containing diet. These fluctuations of
IgA-1C were not observed during diets avoiding other
alimentary components, such as meat or eggs. After 6
months on a gluten-free diet, all patients had normal
IgA-IC levels. Gluten-free diet may have interrupted
the self-maintaining circle of gluten-dependent abnor-
mal intestinal permeability [18].

Patients with IgAN, either children or adults, have
increased intestinal permeability, tested by the 51Cr-
EDTA method often found to be associated with an
increased level of IgA directed against alimentary an-
tigens, suggesting exposure to immunogenic alimentary
antigens and breakdown of oral tolerance [18]. Several
studies have focused on investigated signs of intestinal
mucosal inflammation, particularly on features typical
of celiac disease in patients with IgAN. In patients with
IgAN, duodenal inflammation of varying degrees has
been detected, with a high presence of small-bowel T
cells and increased expression of HLA-DR and GroEL
stress protein and mucosal cyclooxygenase [21].

The involvement of GALT in IgAN suggests the
possible benefits of drugs targeted to the mucosal B
lymphocytes in Peyer's patches, which are supposed
to be primed to produce Gd-IgAl, the initial step in
the pathogenesis of IgAN. Decreased production of
Gd-IgAl would reduce the consequent autoantibody
formation, and macromolecular IgAl circulation and
renal deposition. To this aim, a new formulation of the
glucocorticosteroid budesonide was designed with a
targeted-release formulation to release the active drug
in the distal ileum, where Peyer's patches mostly are
represented. Results from a phase 2b trial indicated that
targeted-release formulation budesonide has the poten-
tial to become the first [IgAN-specific treatment target-
ing intestinal mucosal immunity upstream of disease
manifestation [21].

There are several old and new data indicating a role
for gut-renal connection in IgAN, based on genetic,
microbial, and dietary factors, which interact in induc-

ing functional modifications of the intestinal mucosal
immune system, favoring the development of IgAN.
This pathogenetic mechanism opens an interesting new
perspective in developing and testing new approaches
on a large number of patients based on the use of drugs
targeting GALT as well as a gluten-free diet and micro-
biota manipulations [18, 21].

Biomarkers and Precision Medicine in IgA
Nephropathy. In 2011 the hypothese appeared that the
pathogenesis of IgAN was based on four hits. These hits
are as follows: 1) the occurrence of an abnormal IgAl
glycosylation process leading to galactose-deficient IgAl
(Gd-IgAl); 2) the formation of antiglycan antibodies
against Gd-IgAl; 3) the formation of nephrogenic
circulating immune complexes; and, 4) the deposition
of these complexes in the mesangium of glomeruli
leading to renal injury with variable clinical expressions
(macrohematuria, microscopic hematuria, acute
renal failure, and chronic renal damage). This four-
hit hypothesis is supported by high levels of aberrant
glycosylated IgAl and circulating immune complexes
in the blood of patients with IgAN, and by the in vitro
proliferation of human mesangial cells and the secretion
of extracellular matrix proteins in the presence of
immune complexes of IgAN patients [22].

High serum levels of Gd-IgA1 may be considered a
diagnostic biomarker ofthe disease, and their persistence
is predictive of renal function decline. Therefore, this
biomarker also may be prognostic, but its validation in
large multiracial cohorts of IgAN patients with long-
term follow-up evaluation is necessary [22].

Recent systematic review [22] analyzed 22
eligible studies that evaluated the serum levels of
Gd-IgAl in IgAN patients, individuals with other
glomerulonephritis, and controls. The meta-analysis
provided evidence that adults and children with IgAN
had high serum levels of Gd-IgAl, thus showing that
this biomarker may be considered a useful indicator for
the diagnosis of IgAN. However, in the present meta-
analysis no significant correlation with the severity
of the disease was found. Therefore, the investigators
concluded that this biomarker may be specific for
the suspected diagnosis of IgAN in individuals with
permanent urinary abnormalities who refuse renal
biopsy, mainly in family members of IgAN patients.
However, it cannot be considered a sensitive biomarker
for evaluating disease severity.

Circulatinglet-7band miR-148b maybe considered
a reliable and noninvasive clinical biomarker to predict
the probability of having IgAN. The use of this combined
biomarker may be considered as a first approach for the
diagnosis of IgAN in family members of IgAN patients
who have permanent urinary abnormalities, such as
microscopic hematuria and/or mild proteinuria and
who are in apparently good health, or individuals with
an overt clinical picture of suspected IgAN who refuse
renal biopsy [22].

The presence of an increased fraction of Gd-IgAl
in the blood of IgAN patients stimulates the immune
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system to produce I1gG and IgA antibodies because the
truncated IgAl hinge region is recognized as nonself.
Therefore, the measurement of circulating IgAl-1gG
or IgAl-IgA immune complexes in the blood may be
considered another diagnostic parameter for monitoring
the clinical course of the disease [2].

The IgA receptor family is composed of six
receptors, but myeloid IgA fragment crystallizable
alpha receptor or CD89 specifically binds IgA and
might contribute to the formation of serum polymeric
IgA. Soluble CD89 (sCD89) receptors are present in the
blood and sCD89-1gA complexes have been measured
in IgAN patients. Stable high levels of circulating
sCD89-1gA immune complexes have been detected in
IgAN patients without disease progression, whereas low
levels were found in patients with severe renal damage.
The investigators speculated that sCD89-IgA immune
complexes are more suitable to precipitate at the renal
level and, consequently, are less represented in the
peripheral blood, that's why this biomarker may be
taken into consideration for disease progression.

Podocyte depletion, which causes glomerular
sclerosis and the persistent loss of podocytes in urine, is
a proved marker of disease progression [2].

The classic process for the development of a
diagnostic biomarker is based on three steps: discovery,
validation, and confirmation. A biomarker should be
independent of the disease outcome. In this case, the
logistic regression analysis (univariate and multivariate)
should show that the biomarker does not diminish in
value in the presence of clinical factors. Thus, this
approach determines the influence of other variables
(demographic and clinical parameters) that reduce the
biomarker’s performance as a predictor of a disease [2].

However, the validation and confirmation of re-
sults in other cohorts of IgAN patients are few. Recent-
ly, clinical bioinformatics has been proposed to opti-
mize the development of disease-specific biomarkers
because it integrates clinical and laboratory findings,
omics data, and bioinformatics [2]. The simultaneous
evaluation of clinical and basic research data could op-
timize the specific value of biomarkers. A biomarker
may be prognostic because it predicts the clinical out-
come in the absence of therapy (natural story of the dis-
ease) or in the presence of a standardized therapy. On
the other hand, a biomarker may be predictive when it
is able to predict the benefit or lack of benefit in the
presence of an established therapy.

The process for translating the biomarker from re-
search to clinical practice is based on six steps: (1) re-
search plan; (2) management of data; (3) engagement,
education, and collaboration of patients including di-
verse populations; (4) innovation by designing a clinical
trial; (5) evidence generated by the clinical study; and
(6) translation in clinical practice [23]. Conventional
medical practice is based on the standard of care ob-
tained through the averaging of responses across large
clinical trials. Precision medicine, which takes into ac-
count omics data, lifestyle, and environmental factors,

is a new model tailoring medical treatment to the indi-
vidual characteristics of each patient. Precision medi-
cine can use big data, thus improving prevention, diag-
nosis, and therapy [23].

The first step of precision medicine in nephrology
has been the genome-wide association studies that have
compared gene mutations present in a large cohort of
IgAN patients with numerous healthy controls. Anoth-
er approach for precision medicine in IgAN is the mo-
lecular phenotyping of kidney biopsy specimens used
for disease diagnosis [2].

Renal biopsy still remains the gold standard for
clinical diagnosis in IgAN, but histopathology can
demonstrate different biomarkers involved into patho-
genesis of IgA nephropathy. The development of bio-
markers will introduce molecular stratification of renal
lesions and address precision medicine. Moreover, the
systems pharmacology applied to the renal signatures
may provide additional information on the use of old
and new drug molecules that have as their target the dis-
covered biomarker(s) [2, 23].

Therapy — adopted and novel appoach. Although
IgAN was described 50 years ago this year, in 2018 there
is no approved drug treatment for this disease. In 2016
the Kidney Health Initiative established a workgroup
focused on Identifying Surrogate End Points for Clini-
cal Trials in IgA Nephropathy. This workgroup is ex-
pected to publish a guideline on drug development in
IgAN in 2018 that will recommend clinical trial end
points that should be incorporated in all future IgAN
clinical trials, making it more feasible for companies to
invest in the research necessary to improve treatments
for patients with IgAN [24].

Patients with minor urine abnormalities and nor-
mal blood pressure and glomerular filtration rate usu-
ally require only periodic monitoring. For other pa-
tients with proteinuria, a commonly adopted nonspe-
cific approach is blockade of the renin-angiotensin
system. Evidence accumulated from 56 studies among
2 838 participants showed that only antihypertensive
drugs (mostly angiotensin-converting enzyme inhibi-
tor (ACEI) or angiotensin-receptor blocker (ARB))
provided useful intervention, mainly by reducing pro-
teinuria. In a meta-analysis of 585 patients from 11 ran-
domized clinical trials (RCTs) significant renoprotec-
tion and reduction of proteinuria were achieved with an
ACEI or ARB versus control [24].

Effectiveness of fish oil as a monotherapy is not
proved. A European trial of 30 patients suggested that
a RAS blocker combined with polyunsaturated fatty ac-
ids reduced proteinuria more than a RAS blocker alone
[24].

A meta-analysis of seven nonrandomized studies
(mostly from Japan) comprising 858 patients demon-
strated that tonsillectomy combined with either stan-
dard or pulse corticosteroid treatment, but not tonsil-
lectomy or corticosteroid treatment alone, resulted in
higher remission rates with a favorable long-term out-
come. Meta-analysis of 14 studies (also mostly from Ja-
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pan) found positive effects of tonsillectomy plus pulse
or conventional steroids. Outside of Japan, the benefits
of tonsillectomy have not been documented [8, 25].

The KDIGO guidelines suggest that patients with
persistent proteinuria greater than 1 g/d, despite 3 to 6
months of optimized supportive care (including ACEIs
or ARBs and blood pressure control), and a GFR great-
er than 50 mL/min/1.73 m?, receive a 6-month course
of corticosteroid therapy [26].

Barratt et al. (2018) suggest not treating with cor-
ticosteroids combined with cyclophosphamide or aza-
thioprine in IgAN patients (unless there is crescentic
IgAN with rapidly deteriorating kidney function) and
not to use mycophenolate mofetil (MMF) in IgAN
[24].

KDIGO recommended that an RCT comparing
MMEF and corticosteroids versus corticosteroids alone
in patients receiving optimal antihypertensive and an-
tiproteinuric therapy should be performed, as well as
an RCT to investigate the different efficacy of MMF in
Asians versus Caucasians, including evaluation of drug
and metabolite levels [26, 27].

In multicenter, open-label, randomized, con-
trolled STOP-IgAN trial, immunosuppressive therapy
added to comprehensive supportive therapy was com-
pared with comprehensive supportive therapy alone. It
was shown that the increase in full clinical remissions
was driven exclusively by the glucocorticoid monother-
apy arm, which produced a transient reduction in pro-
teinuria in patients with relatively well-preserved GFR.
The number of adverse events and GFR dynamics were
more common in both immunosuppression arms when
compared with supportive care [28].

The TESTING study was a multicenter, double-
blind, randomized, clinical trial designed to evaluate
the efficacy and safety of corticosteroids in patients with
IgAN and proteinuria greater than 1 g/d and eGFR of
20 to 120 mL/min after at least 3 months of blood pres-
sure control with RAS blockade. Patients were random-
ized 1:1 to oral methylprednisolone (0.6-0.8 mg/kg/d;
maximum, 48 mg/d; n=136) or matching placebo
(n=126) for 2 months, with subsequent weaning over
4 to 6 months. The primary renal outcome had occurred
in 8 participants in the methylprednisolone group ver-
sus 20 in the placebo group, consistent with a potential
renal benefit of oral methylprednisolone use in IgAN,
although definitive conclusions could not be made be-
cause of early termination of the trial [13].

Both studies showed a reduction in proteinuria
with corticosteroids, albeit a transient reduction in
STOP-IgAN, however, renoprotection was seen only in
the TESTING study, albeit on an interim analysis with
a shorter follow-up period than was available in STOP-
IgAN. There were limitations to both studies, principal
among these were that neither study used renal biopsy
features when determining patient eligibility and the
follow-up time for both studies was relatively short for a
disease that typically is slowly progressive. Differences
in the proportion of patients with scarring lesions (Ox-

ford S and T) versus proliferative lesions (Oxford M, E,
and C) between the two studies and between the treat-
ment arms within each study conceivably could have
altered the response to immunosuppressant therapy,
as shown in a recent clinical trial of MMF and pred-
nisolone incorporating repeat renal biopsies. This is
particularly important because proliferative lesions are
seen more frequently in renal biopsy series from Asia
than in series from Europe, and TESTING participants
were almost exclusively Chinese whereas STOP-IgAN
recruits were white Europeans. Until that time, corti-
costeroids should be used on an individualized basis,
not dictated purely by eGFR and UPCR values, with
involvement of the patient in the decision after an open
discussion covering both the potential benefits and defi-
nite risks of taking corticosteroids for IgAN. [7, 13, 17,
29].

Two new RCTs of MMF in IgAN have been pub-
lished since the 2012 KDIGO guidelines. The first of
these was a US-based, double-blind, placebo-con-
trolled RCT evaluating the efficacy of MMF in chil-
dren, adolescents, and adults who had a UPCR of
0.6 g/g or greater (in males) and 0.8 g/g or greater (in
females) after optimization on lisinopril (or losartan)
plus a highly purified omega-3 fatty acid. The trial was
terminated early at the recommendation of the Data
Monitoring Committee because of the lack of benefit
[27].

The second prospective, multicenter, random-
ized, controlled, open-label, 12-month study compar-
ing MMF with prednisolone against prednisolone alone
for the treatment of incident (biopsy within 1 month
of enrollment) IgAN with active proliferative lesions
(cellular and fibrocellular crescents, endocapillary hy-
percellularity, or necrosis), proteinuria of 1.0 g/24 h or
greater, and eGFR greater than 30 mL/min [27]. Eligi-
ble patients received either MMF 1.5 g/d for 6 months,
and prednisone 0.4 to 0.6 mg/kg/d for 2 months, and
then tapered by 20% per month for the next 4 months,
or prednisone 0.8 to 1.0 mg/kg/d for 2 months, and
then tapered by 20% per month for the next 4 months.
There was no significant difference in CR rates at 6 and
12 months, however, steroid-related adverse events
were lower in the MMF group than in the prednisone
group, and there was no difference in the total adverse
event rates between the MMF and prednisone groups
at 12 months. Endocapillary hypercellularity, cres-
cents, and necrosis lesions in glomeruli had improved
or disappeared after immunosuppressive therapy, how-
ever, in the MMF group there was a significant increase
in global glomerular sclerosis that was not seen in the
prednisolone group [27].

The US study of MMF monotherapy was consis-
tent with other studies of MMF in predominantly Cau-
casian populations and supports the 2012 KDIGO ad-
vice not to use MMF in IgAN. Most of the supportive
evidence for efficacy of MMF in IgAN has in factcome
from Asia. This study from China should be commend-
ed for basing inclusion on renal biopsy features and per-
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forming repeat renal biopsies, one of the few studies to
do this in IgAN. Until the results of the TESTING Low
Dose Study are available it would not be unreasonable
to suggest that in Chinese patients being considered
for corticosteroid therapy physicians should consider
a steroid-sparing regimen including MMF (at the dose
used in this study) as an alternative to reduce the risk of
adverse events [17, 27, 29].

There is increasing evidence supporting a pivotal
role of the mucosal immune system in the pathogen-
esis of IgAN. IgA nephropathy has been associated with
diseases in which mucosal immune responses are ab-
normal, such as celiac disease and inflammatory bowel
disease. Many of the features of mesangial IgA are those
typically associated with IgA produced in the muco-
sal-associated lymphoid tissue (MALT). Two events
thought to be critical are antigen-driven activation of
the innate immune response, in particular through liga-
tion of Toll-like receptors (TLRs), and B-cell activat-
ing factor (BAFF) and a proliferation inducing ligand
(APRIL) signaling, pathways that now both are amena-
ble to therapeutic manipulation [24]. Recent genome-
wide association studies in IgAN that have identified
susceptibility loci in genes that are associated directly
with intestinal mucosal immunity [24]. Tonsillectomy
removes a portion of mucosal tissue enriched with im-
munocompetent lymphoid cells, which are a significant
source of secretory IgA. Although the long-term clini-
cal benefit of tonsillectomy is controversial [24].

Hydroxychloroquine, a drug commonly used in sys-
temic lupus erythematosus, is a potent inhibitor of TLR-
9 and, to a lesser extent, TLR-7 and TLR-8, and inhibits
antigen processing and presentation via alkalinization
of proteasomes [24]. A recently published case-control
study from China reported a significant reduction in
proteinuria in patients treated for 24 weeks with 200 mg
twice daily of hydroxychloroquine compared with those
who received RAS blockade alone. In an open-label,
uncontrolled, proof-of-concept, pilot study, the poten-
tial treatment effects and safety profile of Nefecon, a
modified release formulation of budesonide specifically
designed to deliver budesonide to the ileocecal Peyer's
patches with minimal systemic exposure and side effects,
were examined. Treatment with Nefecon 8 mg/d for 6
months resulted in a 23% reduction in urinary albumin
excretion and a minor reduction in serum creatinine lev-
el and a modest increase of the GFR. No major cortico-
steroid-related side effects were reported [30].

The Effect of Nefecon in Patients With Primary
IgA Nephropathy at Risk of Developing End-stage Re-
nal Disease trial, a double-blind, randomized, placebo-
controlled, phase 2b trial of Nefecon in IgAN that was
reported in 2017 [30]. In this study 150 patients with
persistent proteinuria greater than 0,75 g/d despite op-
timized RAS blockade were randomized 1:1:1 to receive
16 mg/d Nefecon, 8 mg/d Nefecon, or placebo, strati-
fied by baseline UPCR. At 9 months, the mean UPCR
had decreased by 27,3% in 48 patients who received
16 mg/d and by 21,5% in the 51 patients who received

8 mg/d; 50 patients who received placebo had an increase
in mean UPCR of 2.7% [30]. The effect was sustained
throughout the follow-up evaluation and the incidence
of adverse events was similar in all groups, although 25
of 99 (25%) patients in the Nefecon groups discontin-
ued treatment or follow-up evaluation, 16 because of ad-
verse events. Systemic corticosteroid-related effects were
among the most common adverse events, suggesting in the
minds of some investigators that some of the administered
budesonide (or one of its metabolites) may have acted sys-
temically, rather than locally, to decrease proteinuria.

Clinical trials with blisibimod, atacicept, borte-
somib and fostamatinib (a selective oral Syk inhibitor)
are ongoing [24, 31], Rituximab showed no effective-
ness in IgA nephropathy [32].

Recent genome-wide association studies have pro-
vided additional evidence to support a role for comple-
ment activation in IgAN. Given the evidence for com-
plement activation in IgAN and the emerging availabil -
ity of agents that selectively block complement activa-
tion, investigators are beginning to explore the utility of
complement inhibition in IgAN [24].

Eculizumab, a recombinant, fully humanized,
monoclonal antibody against complement C5, pre-
vents cleavage of C5 and formation of both the mem-
brane attack complex and the anaphylatoxin C5a. and
is currently is approved for the treatment of paroxys-
mal nocturnal hemoglobinuria and atypical hemolytic
uremic syndrome [31]. There have been two case re-
ports of eculizumab use in rapidly progressive IgAN. In
both cases, eculizumab was associated with temporary
benefit in stabilizing renal function or proteinuria, but
in both cases, there was significant disease progression
once eculizumab was discontinued. These case reports
raised the possibility of complement inhibition as a
treatment strategy in IgAN [31].

Avacopan, also known as CCX168, is an orally ac-
tive, selective, and potent C5aR inhibitor that has been
proven to inhibit C5a-mediated migration in in vitro
and ex vivo chemotaxis assays. The clinical effective-
ness of avacopan was shown in a phase I clinical trial in
anti—neutrophil cytoplasmic antibody—associated re-
nal vasculitis, administration of avacopan (+cyclophos-
phamide) was as efficacious as or more efficacious than
the standard treatment (high-dose prednisolone + cy-
clophosphamide) [24]. A small proof-of-concept study
also was performed in IgAN. After an 8-week run-in
period on a maximum tolerated dose of a renin-angio-
tensin-aldosterone system inhibitor, patients started
avacopan dosing, 30 mg twice daily for 12 weeks, with
a 12-week follow-up period. Seven patients received
avacopan treatment, and all 7 patients completed the
study. At the end of 12 weeks, proteinuria was reduced
in 6 of 7 patients, with 3 of the 7 patients showing sig-
nificant improvement to a UPCR less than 1 g/g. At the
end of the 12-week period after treatment, the UPCR
in 2 of these 3 patients returned to baseline levels, while
the improvement was maintained in the third patient.
Avacopan appeared to be safe and well tolerated [24].
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OMS721 is a fully human monoclonal antibody
targeting MASP-2 that currently is being evaluated for
the treatment of thrombotic microangiopathies and
complement-associated renal diseases, including IgAN.
Initial results from a phase Ila study (Safety Study of
IgAN, lupus nephritis, membranous nephropathy, and
C3 Glomerulopathy Including Dense Deposit Disease
Treated With OMS721) have been presented at both the
European Renal Association—European Dialysis and
Transplant Association Congress and American Soci-
ety of Nephrology meeting in 2017, and suggest that
OMS721, and inhibition of the lectin pathway, signifi-
cantly reduces proteinuria in IgAN [24, 33]. Further
data are awaited.

With an improved understanding of the genetic
and immunologic basis for IgAN, alongside a changing
regulatory environment, we are now observing an in-
creasing number of exploratory studies of novel thera-
pies in IgAN. It is hoped that over the next decade some
of these new therapies will evolve into approved treat-
ments for IgAN, and lead to the clearer understanding
of the role of established immunosuppressants such as
corticosteroids and MMF and ultimately nephrologists
will be able to offer a rational approach to the treatment
of this common glomerulonephritis.
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Editorial information

BUMOIUN AO POBIT, LLIO NOAAIOTLCA AO NMYBAIKALIT
B “YKPAIHCbKWU XXYPHAA HEOPOAOTII TA AIAAIZY”

Y 3B’3Ky 3 iHAEKCYBaHHSIM KYpHajy MiKHapOIHMU-
MU TMOIIYKOBUMM CUCTEMaMH Ta MiABUILEHHSIM BMMOTI 10O
o¢hopMIJIEHHSI HAyKOBOIO MaTepiajy, peakoserist popmaiiszye
BUMOTH 110 BHIAHHS UISI €(PEKTHUBHOIO PO3ITOBCIOIKEHHS
MarepialliB y CBiTOBili Mepexi I[HTEpHeT Ta NMpUeTHaAHHS 10
MiXXHapOIHUX HAYKOBUX 0a3 NaHUX.

[IpaBuna nns aBTOpPiB CKJaAeHi BiAMOBIAHO 10 «Eau-
HUX BUMOT JI0 PYKOIKCiB, 110 MOJAIOTHCS Y OiOMEANYHI Xyp-
Hamm» (Uniform Requirements for Manuscripts Submitted to
Biomedical Journals), siki chopmysnboBaHi MixHaponHUM
KOMITETOM peakTopiB MeAWYHUX XypHaliB (International
Committee of Medical Journal Editors) ta MicTaTbCs Ha pe-
cypci ICMJE.org.

XKYPHAJI CTPYKTYPOBAHO
3A 5 OCHOBHUMMU PO3AVIAMMU:

1. Touxka 30py
2. IlpobnaeMu opraHizauii Ta €KOHOMiKM HedpPOJOriuHO1
JIOTIOMOTH

OpuriHajiibHi HAyKOBi poOOTH
IlIxona Hedpoaora

Penaxiiiina ingopwmatiisi, iHdopmMaliisi Tpo HayKoBi ¢o-
pyMH, KOMEHTapi, pelieH3ii, 3HaMeHHi IaTu.

[Mepuuit po3nis. B 11boMy po3aifi ApyKyIOTbCS CTaTTI,
SIKi BiIOOpaXaroTh TOUYKY 30py Ha KOHKPETHY MpobJjeMy aB-
TOpa YU aBTOPiB.

Jpyruii po3aia BUCBITIIOE MOXJIMBI LIJISIXY TOKPAIIeH-
HSl OpTraHi3aliliHOl CKJIaJOBOi [MisSUIbHOCTI He(hPOJIOTiYHOI
cly>kOM B YKpaiHi Ha BCiX eTanax HaJaHHS Crelliali3oBaHi
MEeIMYHOI JOMTOMOTH Ta ii EKOHOMIUHUIA aHai3.

Y TpeTboMy pO31iJi pO3MIILYIOThCS CTATTi, SIKi 3HAKOM-
JIATH 3 pe3yIbTaTaMy OPUTIHAIBHUX JOCIiIKEHb.

Poznin “Illkona Hedposora” apykye poOOTH, METOIO
SIKMX € TMiIBUILEHHS He(ppOoJOoriYHOl rpaMOTHOCTI YUTAYiB.

OcraHHiil po3min iHGOpMye MPO OCHOBHI HAyKOBO-
MpakTUYHI TOAiil, TyOIiKye peueHsii, pegakiiiiiHy iHhopma-
iro i .M.

Pykomnuc pa3om 3 103B0J10M HA i{OT0 BUKOPUCTAHHS HA-
NpPaBJISETbCA 10 peJaKuii TiIbKM B eJIEKTPOHHOMY BapiaHTi
qyepe3 OH-JIAH CUCTEMY, SIKA MICTHTbCS HA CaiTi XKypHaTy.
V penakuii 3aiiiCHIOETbCSI TBOCTOPOHHE Clline (AHOHIMHICTH
peLieH3eHTa Ta aBTOPA) HAYKOBE PelleH3yYBaHHs i TiTepaTyp-
He peJaryBaHHs CTaTew.

Jl0o3Bin HA BUKOPHCTAHHS PYKONMMCY MOXKHA 3aBaHTa-
2KWTH 32 NOCWJIAHHSM

CratTi, opopmiieHi 6e3 momep:kaHHS MPAaBUI HE TIPH-
IMaIOThCS, aBTOPAM He TTOBEPTAIOTHCS.

Y pasi HeraTMBHOI HAyKOBOI pelieH3ii, CTaTTi He My-
OJIIKYIOTbCSI, aBTOpaM eJl. TIOIITOI HAACWIAETHCS BIOTYK 3
MOXJIMBICTIO JOOMpPAlLOBAHHS CTATTi UM 3aMiHM ii iHIIUM
MaTepiajoM.

Jlo nyO6hikauii mpuiiMalOThCsl OpUTiHANbHI pOOOTH,
OIJISIAM JIiTepaTypu, JeKIlii, KOPOTKi MOBiIOMJIEHHS, PEeKO-
MeHAaLii MpaKTUYHUM JIiKapsiM, OMUMC BUMAAKiB 3 MPAKTUKMU,
iHdopMallis Mpo HayKoBi (hopyMH.

Penakuisi He npuiimMae paHiule omyOGJikoBaHi poOOTHU
a0o0 CcTaTTi, MPUIHATI 10 APYKY B iHIIKMX BUAAHHSIX.

CtaTTi my01iKyl0ThCsl yKPaiHChKOIO, POCifiChKOIO Ta aH-
riiicbkoto MmoBaMu. MDaiin 3i cTaTTero MPEACTABISATH Y pop-
maTti Microsoft Word (po3mupenns *.doc, *.docx, *.rtf).

HHOCJIIAOBHICTD POSMIIIIEHHA
MATEPIAJTY HACTVYIIHA:

1. IHiuianu Ta npi3Bulla aBTOPIB aHIJIiIICbKOIO MOBOIO;

2. Ha3zBa cTaTTi aHIiliCbKOI0 MOBOIO;
3. Ha3zBa ycraHOBM Ta opraHisailii, B SIKiil mpalOOTh aBTO-
pU aHIJIiIChKOIO MOBOIO;

4. Pe3sroMe cTaTTi aHTJTiICHKOIO MOBOIO;

5. Kutouosi cioBa (8-10 ci1iB 4 CI0BOCTIONYYEHbB, 1110 PO3-
KPUBAIOTh 3MICT CTaTTi) aHIJIIIICbKOIO MOBOIO;

6. VIK;

7. lHiuianu Ta mpi3Bullla aBTOPiB MOBOIO, SIKOIO HaNKUCaHa
CTaTT;

8. Hassa crarTi (MOBOIO OpUTiHATY);

9. Ha3sBa ycTaHOBU Ta opraHi3aiiii, B SIKiif IpaIlol0Th aBTO-
pH, MicTo (MOBOIO CTaTTi);

10. Kitouosi cioBa (8-10 ci1iB 4 CIIOBOCTIONYyYEHbB, 11O PO3-
KPMBAIOTh 3MIiCT CTaTTi) MOBOIO CTaTTi;

11. Pe3roMe MOBOIO CTAaTTi;

12. Texcr cTarTi;

13. Po3KkpUTTA MOTeHUIITHNX KOHMIIIKTIB iHTEpECiB;

14. Indopmaitist mpo BHECOK KOKHOTO YyUaCHUKA;

15. Cricok BUKOPUCTAHUX JKeped Mia Ha3Bolo «JlirepaTypa
(References)», opopmieHni BiIMOBIZHO OO CTaHAAPTY
Vancouver style;

16. BimomocTi npo BigmosimaiabHoro asropa: I11B, HaykoBe
3BaHHS, TT0caga Ta Miciie podoTu; e-mail (060B’SI3KOBO)
Ta pobounii TenedoH.

®DopMaT TeKCTy PYKONHUCY. TeKCT CTarTi APYKYETHCS
mpudroMm Times New Roman, po3mip 14 pt, 3 moayTopHUM
MiXpsIIKOBMM iHTepBajoM. BigcTtynu 3 KoXHOTO OOKY CTO-
pinku 2 cm. Ha Bci imoctparii, rpadiku i Tabauii MaioTh
OyTU TOCUJIAHHS B TEKCTi.

BunineHHs B TekCTi MOXHa poOUTH KYpCUBOM abo Ha-
miBxkupauM mpudtoM, HE minkpecneHHaMm. 3 TeKcTy citin
BUJAUTHU BCi NEpPEHECEHHSI, MOBTOPIOBaHI MPOIYCKHU, 3aliBi
pO3pUBM PAIKIB (B aBTOMAaTUYHOMY pEXHMi depe3 cepBic
Microsoft Word “3naiiTul i 3aminutu”).

daiin 3 TEKCTOM CTATTi MiCTUTh BCIO iH(MOPMALIilO IS
myOJTiKallii, y TOMy YMCJli pUCYHKM i TaOIUII TTic/s iX MmepIio-
TO 3ralyBaHHs.

YKPOTHCBKUI XKYPHOA HEPPOAOTIT T AlaAidy N23 (59) 2018

IHPOPMALLST AAS YMTQYIB 61



Editorial information

Ukrainian Journal of Nephrology and Dialysis, 3 (59)°2018

CTpyKTypa pyKONHMCY Ma€ BiAMOBIIATH HABEACHOMY
11abJI0HYy (3aJIEXXHO Bil TUITY poOOTH).

VK po3mililyeTbcsi y BEPXHBOMY JIiBOMY KYTi.

Astopu. IIpisBulle aBTOpiB BKa3yBaTH IIicCls iHiLiamiB
(0. C. Ipanos, C. I. IlerpoB), xupHuM wWPUEGTOM, MO-
BOIO OpMUTiHA/y Ta aHMIiACbKOIO MOBOIO, BUPIBHIOBAHHS 3a
neHntpoM. [11b aBTOpiB aHTilichKOI HEOOXiTHO BKa3yBaTH
BiIMOBITHO 3 3aKOPJOHHUM I1acCIOPTOM, abo sSIK B paHille
OITy0JIIKOBaHUX 3apyOixkKHMX XKYypHAJIbHUX CTaTTSAX. ABTOpPH,
SIKi MyOJTIKYIOThCS BIIEpIle i HE MalOTh 3aKOPAOHHOTO Iac-
nopTa, MalOTh CKOPUCTATMCS CTaHAApTOM TpaHCIiTepaLlii
KMY—-2010.

BaxaHo pomatu mocujaHHS Ha BiacHi odiuifiHi iH-
TepHeT cropiHku aBTopa(iB) (https://....... ), Scopus ID,
Researcher ID a6o0 ORCID ID pjis po3MileHHs rirneprnocu-
JIaHHSI Ha caiiTi XXypHany Ta pdf-Bepcii crarri.

Ha3ssa cTaTTi aHr1iiichKOI0 MOBOIO Ta MOBOIO OpUTiHA-
JIy PO3MIIILYETHCS 3a LIEHTPOM MiCJIsl MPi3BUILL aBTOPiB XUP-
HuM mpudToM («OniHKa pe3uayaibHoi QYHKHii HHPOK y
xpopux Ha XXH V]I CT. Ta nminxoau o ii 30epexxeHHs»).
AHTJIOMOBHA Ha3Ba Ma€ OYTU 'PaMOTHOIO 3 TOYKHU 30pY aH-
IJificbKOi MOBM Ta IOBHICTIO BiAMoBiZaTW yKpaiHO/pociii-
CbKOMOBHIi#1 Ha3Bi 32 3MiCTOM.

YcranoBa. HeoOxinHo HaBoauTu odilliiiHy MOBHY Ha-
3BY ycTaHOBHU (0e3 ckopoueHb). [Ticsisi Ha3BU yCTaHOBM Yepe3
KOMY 3a3HAaYMTHU HA3BY MicTa Ta KpaiHM. AKILO y H1OCTiIKeH-
Hi OpaJiv y4yacTbh aBTOPU 3 Pi3HUX YCTAHOB, CJIiJl CITiBBiIHECTU
Ha3BM YCTAHOB i Mpi3BUIIA aBTOPIB 3a JOMOMOIOI0 LIU(pPO-
BUX iHAEKCiB y BepxHbOMY pericTpi. I1in Ha3Bo HEoOXinHO
noaatu iHTepHeT aapecy (https://....... ) odiliiiHOi cTOpiHKHU
YCTaHOBH.

Pedepar (sixo po6oTa opuriHaabHa) Ma€ GYTH CTPYK-
TYpOBaHUM: METa, MaTepiau i METOU, Pe3yJIbTaTH, BUCHO-
BKU. Pedepar mMae moOBHICTIO BiAIoBigaTU 3MicTy poOOTH,
oocar Tekcty He MmeHme 1 800 3HakiB (3 mponyckamu). Pe-
3l0Me 10 MyOJTiKalliif, 1110 MOMalThCcs B iHI PO3AUIH Xyp-
Hainy (1,2,4,5) obopmiisieTbes 1OBiIIBHO, ajie 3 TAKUM CaMUM
00CcsroM.

AHTJIOMOBHA BEpPCisl pe3loMe CTaTTi 32 3MiCTOM i CTPYK-
Typoto (Aim, Methods, Results, Conclusions) MoBHicTIo Biz-
TOBiZIa€ YKPaiHO/pOCiiChKOMOBHIlA.

Kmouogi ciioBa. HeoGxinHo BKa3aTu KJIIOYOBi CJioOBa —
Bin 3 mo 10 mis iHOeKCyBaHHS CTATTi B MOUIYKOBUX CUCTE-
Max. KJiiouoBi cjioBa MOBHICTIO BiAMOBiAAlOTh YKPAiHCHKOIO/
POCiIICBKOIO Ta aHIJiICbKOI0 MOBOIO. [1J11 BUOOPY KITIOUOBUX
CJIiB aHITiChKOI0 BUKOPUCTOBYIOTh Te3aypyc HallioHanbHO1
MmeauuHoi 6iomioreku CIIA (Medical Subject Headings —
MeSH).

TekcT cTaTTi (yKpaiHCHKOIO a60 POCiiiChKOI MOBOIO)
CTPYKTYPOBaHUIA 3a pO3MiJlaMU: BCTYM (aKTyaJIbHICTh), META,
Marepiajii i MeTonu, pe3yabTaTh, OOTOBOPEHHsI, BACHOBKU.
Po3nin «O0roBopeHns» € 000B’I3KOBMM Ta MAa€ BKJIIOYATH
3000-3500 3naKiB 0e3 nmpooOiiB.

Po3kpurta noreHniiinux KOHQIIKTIB iHTepecin

ABTOpU TMOBUHHI PO3KPUBATU BCi BiZHOCMHU a00 iH-
TepecH, siKi MOXYTb MaTH MpsIMUI a00 MOTEHUINHWI BIJIUB
YM HAJATHU yIepeIXeHicTb B poOoTi. Xoua aBTOp, MOXJIUBO,
HE BiluyBae, 1110 iCHYE SIKUI-HeOyab KOHQIIKT, PO3KPUTTS
BIIHOCHH i iHTepeciB 3a0e3meuye OiIblI MOBHUM i Tpo3opuit

npolec, 1o MPU3BOAUThH OO0 TOYHOI i 00’€KTUBHOI OLIIHKU
poboTu.

YcBinomieHHs1 peaqbHOro abo nepeadavyyBaHOro KOH-
(nikty iHTEpeciB - lie MepCrneKTUBa, Ha IKYy MaloTh MPaBO
yutayi. Lle He o3Hauae, 110 piHAHCOBI BITHOCUHMU 3 OpraHi-
3alli€lo, sIKa CIIOHCOPYBaja JOCTiIKeHHs a0 KOMIIeH callilo,
OTPUMAaHY 3a KOHCYJIbTALlIiHY POOOTY € HEAOPEYHUMU.

[Mpuknanu noTeHUiHHUX KOHQIIKTIB iHTepeciB, sKi
MpsiMo 2060 TTOGIYHO MOB’SI3aHi 3 JOCHIIKEHHSIM, MOXYTh
BKJTIOUATH, ajie He 0OMEXYIOThCSI HACTYITHUM:

* Haykosi rpantu Big (iHaHCOBUX areHTCTB (IIPOXaH-

HSI HAJaTU JaHi TIPO CIIOHCOpa MOCIIIKEHHS Ta HOMED

TPaHTy)

e ToHOpapu 3a BUCTYIIM HA CUMIIO3iyMax

e (inaHCcOBa MiATPUMKAa YJYacTi B CUMIIO3iyMax

*  @DiHaHCcOBa MiATPUMKA OCBITHiX TIpOrpam

e 3aliHATICTh 200 KOHCYJbTALlil

e [linTpuMKa 3 OOKY CITOHCOpA MPOEKTY

e [locajga B KOHCYJbTAaTUBHIN paii ad0 pali AUPEKTOPiB
a0o0 B iHIIMX BiIHOCUHAX YIIPABIiHHS

*  Kinpka ¢imiit

e (DiHAHCOBI BITHOCHUHM, HANIPUKJIIA, MAOBY y4acTh abo
iHBECTULIMHUI iHTEepeC

e [IpaBa iHTeseKTyaJIbHOI BIACHOCTi (HampuKiam, maTeH-
TH, aBTOPCHKIi MIpaBa i pOSUITi Bill TAKKX MpaB)

*  VYTpuMaHHs 4YOJOBiKa i / abo miTeil, SIKi MOXYTh MaTH
¢iHaHCOBUI1 iHTEepec 10 podoTU

Kpim Toro, ciin po3KpuBaTu iHTEPECH, 1110 BUXOASTH 3a
paMKu (iHaHCOBHUX iHTepeciB i KomIleHcalil (HehiHaHCOBI
iHTepecn), sIKi MOXXYTb OYTH BaxKJIUBi Il YuTadiB. BoHu Mo-
XKYTb BKJIIOYATH, ajie He 0OMEXYIOTbCS, 0COOMCTI BiTHOCUHU
ab0 KOHKYpYI0Ui iHTepecH, mpsiMO abo MOOIYHO TTOB’sI3aHi 3
LIUM TOCTiIKEeHHSIM, abo TpodeciiiHi iHTepecu ab0 ocoOMCTi
TepeKOHaHHSI, SIKi MOXYTb BIUIMHYTH Ha Ballle JOCIiIXKEHHSI.

BinmoBimanbHuii aBTop 3061Mpae GopMu PO3KPUTTSI KOH-
¢aikTy iHTepeciB Bin ycix aBTopiB. B aBTOpCHKill criBmpatii,
IIe IOIyCcKaThcsl (PopMabHi yrogu Mpo MpeacTaBHUITBO,
IUTST BIITIOBiAHOTO yYacHUKA JOCUTH Tianucatu Gpopmy pos-
KPUTTS Bill iMEHi BCiX aBTOPIB.

IIpuknaau po3kputTa indopmamii

HocnimkenHs pinancyBanocs X (rpanT Ne X).

KoHduikT iHTepeciB: aBTOp A OTpUMaB JOCIiAHI TpaH-
TH Big KoMmnaHii A. ABTop B oTpumaB roHopap morosimaya
Bin koMmaHii X i Boyiogie akiisiMmu B KoMmmnaHii Y. ABtop C €
YJIEHOM KOMITETY Z.

KoHbikT iHTepeciB: aBTOpU 3asIBJISIIOTh, 1110 Y HUX He-
Ma€ KOH(DIIIKTY iHTepeciB.

IMongaxka. ABTopu MOXYTh BUCJIOBUTH TOISIKY 0CO0aM
Ta opraHisailisM, 11O CIPUsUIM NyOJiKalii cTaTTi, aje He €
il aBTOpamMu.

IHdopmaliiss mpo BHECOK KOXHOro ydacHuka (i oci0,
3a3HaYEHUX Y pOo3aiJi “noasika™).

Ilpukaaod: O.C. IBaHOB - KOHLEILIs Ta AU3aH JOCITi-
mxeHHs, 1.I1. [TetpoB - aHai3 OTpMMaHUX JaHUX, OOPM-
JIEHHS TEKCTY POOOTH.

ABTOpU BucHoBI00OTh noasky (IIpizsume I. B.) 3a
oG opMIIeHHS 1TIOCTpAaLliid.

Cnucok Jjitepatypu. Y 6i6miorpadii (mpucrateiitHomy
CIHUCKY JIiTepaTypy) KOXHE IKepesio 3a3HayaloTb 3 HOBO-
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Editorial information

ro psaKa Mif MOpsSIAKOBUM HoMmepoM. Bumoru no odopm-
JIEHHsI JiTepaTypHUX Ixepesa 3a Vancouver style meTaibHO
MpeAcTaBIeHO Ha caiTi xypHaiy. Ilicasa KoxHOro mKepeaa
OBOB A3KOBUM € nonaBaHHs iioro iHTepHEeT aapecu
(https://ukrjnd.com.ua/index.php/journal/article/view/22).

Ilepen BianmpaBKOO aBTOPU MalOTh 3MiHCHUTU camMone-

PeBipKy TEKCTY HAYKOBOI CTaTi Ha:

1. IlnariaT. YkpaiHo Ta pociiCbKOMOBHI TEKCTH CTATTi TIe-
peBipsIOTh Ha TUIariaT 3a gornomoroio nporpamu eTXT
AnTtumaruat https://www.etxt.ru/antiplagiat, mo € He-
00XiIHOIO YMOBOIO JIJIsl riepeAadi cTaTTi 1151 TOAAJIbILIOTO
peueH3yBaHHs. PiBeHb iHAMBIAYaIbHOCTI JOCIiIKEHHS
Mae OyTu He Hyxkunii 80%.

HayxoBuii cTvih BUKJIaZIeHHS MaTepiaiy.

TaBTOJIOTi10 — TOBTOPIOBAHHS Y TEKCTi.
VHiBepcaJbHICTb BUKJAAEeHHS MaTepially (uuTabelib-
HicTb). TeKCT cTaTTi Ma€ JIerko Ta MpoCTO CIpUAMATUCS,
He OyTu MepeodTsKeHUM abpeBiaTypaMmu, CreliaalbHOIO
BY3bKONPOGMIIbHOI TEPMiHOJIOTiEI0 a00 TaKolo, 1110 He

HaOyJla MiXHapoaHoi amanTauii. PeyeHHs MaoTh OyTH
MPOCTUMU, JJAKOHIYHUMM i HECTH 3aBEPILICHUN 3MICT.

5. KinbkicTh MmocuyiaHb Ha CTaTTi Ta HAyKOBi MaTepianu 3
inentudikaropom DOI (He meniie 80 %).

6. BimmosimHicTh BUMOIraM BUIAHHS.

MOMMJIKHA, 1110 HAMYACTIIIE BUHUKIOTh
YIIOJAHUX PYKOIINCAX:

1. BUKOPUCTOBYIOTH Y PEUCHHSIX «3aliBi» CJI0Ba i BUpa3H.
Ycworo 3aiiBoro Tpedba yHukaTtu. Kepyiitecs npaBuiom:
«SIK1110 CTI0BO 3 peueHHs MOXHA BUKUHYTH i IPU LIOMY
3MICT HE BTpayeHO — CJIOBO Tpeba BUKMHYTH». Lle came
CTOCYETBCH 1 OINBIINX 32 00CSATOM (DparMeHTIiB TEKCTY.

2. He BipHO BKa3yloTb OMUHUILL BUMipy. CUCTEMHi OMUHU-
i BuMipy cucteMu Cl HaBonmsTh 6e3 Kparnku (M, T, ra,
MOJTb), @ HECTAHAAPTU30BaHI OJUHUIII — 32 CKOPOUYEH-
HSIMU.

3. Tpeba po3pi3HITU CUMBOJIM «—>», «—» Ta «-». [lepinii i3
HUX Y PYKOIKMCAX HE BUKOPUCTOBYIOTD.

4. Dbinbuiicte penakTopchbkuX IMPaBOK OOYMOBJIEHI HEBi-
PHUM BXUBAHHSIM CIIiB «B», «y», «i», «Ta», «3», «i3», «3i».

5. Y crarrsx He BUKOPHUCTOBYIOTh BUPA3U «Ha MPOTA3i» —
3aMiHSIEMO <«IIPOTSTOM», <«HAWOIAbII TOTYXHUI» —
«HAUTTOTYXKHIILIU», «[TPU» — «Y pasi» i T. .

6. 3aiiBe BUKOpPHCTAaHHS cjIoBa «Oymo». Tpeba yHuMKaTu
clioBa «0yJ10»: 6e3 HbOro, 3a3BUYall, 3MiCT peYeHHSI He
3MiHUTBCS.

7. CKOpOYeHHS HayKOBUX TEPMiHiB y CTaTTi Tpeba 3BeCTU
110 MiHIMyMy.

8. HasBu TabauIb i pUCYHKIB (Ta TMIPUMITKU 1O HUX) ITO-
BUHHIi OyTU «BUYEepIHUMU». YnUTay He MOBUHEH 10JAaT-
KOBO MepeuuTyBaTh «Matepiajl i MeToau JOCTiIKEHb»
abo Ha3By po0OTH, 11100 po3idpaTtucs y 3MicTi TabaUIL
YU pUCYHKA.

9. CrarTi HaityacTillle BiIXWISIIOTbCSI PEIKOJIETiE0 uepe3
BiJICYTHICTb CTAaTUCTUYHOTO OMNMpPALIOBAHHS MEPBUHHUX
NaHWX (3arajbHi BUMOTHY 10 (paxoBUX MyOIiKalliii).

10. He pekxomMeHmIOBaHO BXWBATH B TEKCTi TACUBHUIA 3aJIOT:
«IIpo0U BiZOMpaNCSI», 3aMiCTh IIbOTO — «IIPOOM BinOu-
paliv»; «I0CHiIKEHHS 3AiCHIOBAIUCI» — «IOCIiIXKEH-
HSI 3A1CHAIN».

11. dxmo BUHUKAIOTHL MUTAHHS WOAO0 OGMOPMJIEHHS YU
TPEICTaBIeHHS IEBHUX JaHUX Y CTATTi — MOXHa Opatu
3pa30K OCTAaHHBOTO HOMEPY XKypHaIy.

12. BimcyTHsI MOXJIUBICTh pearyBaHHsI pUCYHKiB, TaOJIUILIi,
¢dopmyn, HaBeneHUXx y podori. HeoOxigHo HamaTu pe-
MaK1ii 3MOTy iX pegaryBaTu, TOOTO HE BUKOPUCTOBYBAaTH
HeCTaHIAPTHi MPOTrpaMu.

Crarri, ohopmiieHi 0e3 moaepKaHHA NPABUJI HE NPH-
MAIOTBCS, AaBTOPAM He NMOBEPTAIOTHCH.

Y pasi HeraTMBHOI HAYKOBOi pelleH3ii, cTaTTi He my-
0JIIKYI0TbCSI, aBTOPAM €JI. MOIITOI0 HAICUJIAEThCS BiIryK 3
MOXKJIMBICTIO JOONPALMIOBAHHA CTATTI 4M 3aMiHM ii iHIIMM
Marepiajom.
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IHOBITIOMJUIEHHA

/1o BizoMa roJioBHMX KOOPAUHATOPIB PEriOHATbLHUX PEECTPIB
(KepiBHMKaM pErioHaJIbHMX ocepenkiB HallioHalbHOro HUpKOBOToO (POHIY
Ykpainn) Ta BCix 0aXxaruyux cTaTy YieHaMu (pOHY.

10 25.12.2018 p. npocumo 31iliCHATH NepepeECTPaIliio YWieHiB
HauionajibHOro HUpKOBOro (poHay YKpaiHu.

YireHcTBo y HantioHanbHOMY HUpKOBOMY (DOHII YKpaiHM HagacTh Bam 3mory
OE3KOIITOBHO APYKYBATH CTATTI B « YKPalHCbKOMY XKypHaJli He()pOJIOorii Ta Aiaji3y»
i OTpUMYBATH OTO TIPOTATOM POKY, MaTu 50% 3HMKKY IIpH OTIaTi peeCTpalliiiHIX
BHECKIB Ha OyAb-$Ki 3aX0IM, 110 IIPOBOAUTUMYThCS y 2018 polii 3a yuacTio poHy.

Peksizuru @onny:

3AT Kb «IIpusar bank» ¢inisg «Po3paxyHKOBUI LIEHTP»
P/p Ne 26000060402072
M®O 320649
€nprioy 26476541

Jlo6poBinbHi ueHchKi BHecKH (300 rpH. ) mpocuMo repepaxyBaTi Ha paXyHOK
¢donmy. KpiM 1boro ogHoO4YacCHO HaJalTe CIMCKWA WICHIB PErioHaJbHUX (PUIiMA
®onpy, Bkazaswu I1.1.b. Ta goManiHIo agpecy (000B’I3KOBO BKa3aTH HOILITOBUI
IHIEKC) 1 KOHTaKTHUM TeJaeOH 10 BiIIUTY HAyKOBO-OpraHi3aliiHol poOOTH:

Anpeca:
04050, m. KuiB, Byi. [dertsapisceka 17-B.

HauionaneHuii HUpKOBUi GOHI YKpaiHU

Konrakmu:

3aB. BiJlIiTy HayKOBO-OpraHi3aliitHoi poooTu
Ko3zarox Haoia lIeaniena E-mail: org-metod@inephrology.kiev.ua)

Kpaeuenxo Jlapuca Bacuaiena (044) 225-93-77;
ten/dakc (044) 225-93-87
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